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(57) Abstract 

This invention relates to novel substituted 1,3-oxathiolanes and substituted U-dithiolanes of formula (1) wherein X is S, 
S=0, or SO2; Y is O, S, S = O, or S0 2 ; Ri is hydrogen, trisubstxtuted siiyl, substituted r unsubstituted C lm6 allcyl, substitut- 
ed r unsubstituted arallcyj, or substituted or unsubstituted C M6 acyl ; and R 2 is a purine or pyrimidine base or an analogue 
or derivative thereof; and pharmaceutical^ acceptable derivatives thereof. This invention also relates to processes for pre- 
paring these compounds, intermediates useful in their preparation, to pharmaceutical compositions containing them and to 
the use of these compounds as antiviral agents. 
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SUBSTITUTED 1 , 3 -OXATHIOLANES 
AND SUBSTITUTED 1, 3-DITHIOIANES 
WITH ANTIVIRAL PROPERTIES 

Hie p^es^nt ixiVuntiuu relates to novel 

5 substituted 1, 3-oxathiolane and substituted 1,3- 

dithiolane compounds having pharmacological activity, to 
intermediates useful in their preparation, to pharma- 
ceutical compositions containing them, and to the use of 
these compounds in the antiviral treatment of mammals. 

10 Retroviral infections are a serious cause of 

disease, most notably, the acquired immunodeficiency 
syndrome (AIDS) . The human immunodeficiency virus (HIV) 
has been recognized as the etiologic agent , of AIDS • 
Compounds having an inhibitory effect on HIV 

15 multiplication or otherwise effective in the therapy of 
retroviral infections are being actively sought. 

H. Mitsuya et al., *3'-Azido-3 '-deoxythymidine 
(BW AS09U) : An antiviral agent that inhibits the 
infectivity and cytopathic effect of human T-lymphotropic 

20 virus type Ill/lymphadenopathy-associated virus in 

vitro", Proc. Natl. Acad. S ci. U.S.A.. 82, pp« 7096-7100 
(1985), refers to 3'-azido-2 ' , 3 ' -dideoxythymidine of 
formula (A) , commonly referred to as AZT. This compound 
is said to be useful in providing some protection for 

25 AIDS carriers against the cytopathogenic effect of 
immunodeficiency virus (HIV) . 
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H. Mitsuya and S. Broder, ''Inhibition of the in 
vitro infect iviry and cytopathic effect of human T- 
. lymphotrophic virus type Ili/lymphadenopathy-associated 
virus (HTLV-III/IAVJ by 2' , 3 '-dideoxynucleosides ,,r , Proc. 
Natl^ Acad. Sci. U.S.A. . 83, pp. 1911-15 (1986), have 
also referred to a group of 2' ,3'-dideoxynucleosides 
shown in formula (B) which are said to possess protective 
activity against HIV- induced cytopathogenicity. 




10 a*^S <« 



.P. Herdewijn et al., "3 '-Substituted 2',3'- 
dideoxynucleoside analogues as potential antl-HIV(HTLV- 
III/IAV) agents', J. Med. Chem. . 30, pp. 1270-1278 
(1987), describe the anti-HlV activity of a series of 3'- 
15 substituted nucleoside analogues. While 3'-fluoro 

analogues of 2', 3 '-dideoxy thymidine and 2 ' , 3 ' -dideoxy- 
cytidine shown in formulas (C) and (D) are found to 
possess potent antiretroviral activity/ substituents 
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linked to the 3 '-carbon via a thio or oxygen bridge did 
not yield active products. 

(C) 



F 

Analysis of molecular conformation studies in 
5 P. Van Roey et al. r "correlation between preferred sugar 
ring conformation and activity of nucleoside analogues 
against human immunodeficiency virus", pyoc. N**!* Acafl. 
Sci. U.S.A. , 86(10), pp. 3929-3933 (1989) , indicate that 
active anti-HIV nucleoside analogues have 3' carbon 
10 conformations on the side opposite to the base, 

Dt Huryn et al., "Synthesis of iso-ddA, member 
of a novel class of anti-HIV agents", Tetrahedr on Lett,, 
30(46), pp. 6259-6262 (1989), refer to the iso-nucleoside 
analogue of formula (E) as a stable inhibitor of HIV 
15 replication. 




R. Vince and M. Hua, "Synthesis and anti-HIV 
activity f carbocyclic 2',3'-didehydro-2',3'-dideoxy 
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2 , 6-disubstituted purin nucleosides'', J. Med, c^eiji- f 
33(1), pp. 17-21 (1990), describe the analogues shown in 
formulas (F) and (G) as having anti-HIV activity. The 
unsaturated analogue (F) shows greater selectivity and 
5 potency as an inhibitor of HIV replication than the 
saturated analog (G) . 



0 




C . Chu et al . , "Synthesis and structure^ 
activity relationships of 6-substituted 2* ,3'- 
io dideoxypurine nucleosides as potential anti-human 

immunodeficiency virus agents", J. Med* jftiem. . 33(6), 
pp. 1553.-1561 (1990), describe the N 6 -methyl derivative 
shown in formula (H) as having greater potency against 
HIV than unmethylated 2' ^'-dideoxyadenosine-. 



NHCH a 



15 




Finally, B. Belleau et al. r "Design and 
activity of a novel class of nucleoside analogues 
effective against HTV-l", Abstracts of papers, Fifth 
International Conference on AIDS, Montreal, T.CO. 1/ 
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p. 515 (1989) , r fer to 
formulae (J) and (K) as 
activity. 



dioxolanes and oxathi lanes of 
having potent anti-HIV 




10 



15 



20 



Despite these developments to date, and in view 
of the increasing incidence and life threatening 
characteristics of AIDS, there is a great need for the 
discovery and development of new potent and non-toxic 
inhibitors of HIV. 

Two structurally distinct classes of compounds 
known as 2-substituted 4-substituted 1,3-oxathiolanes 
and 2-substituted 4-substituted 1,3-dithiolanes have 
been found to have potent antiretroviral activity* In 
particular t these compounds have been found to act as 
potent inhibitors of HIV-1 replication in T-lymphocytes 
over a prolonged period of time with less cytotoxic 
side effects than compounds Known in the art. These 
compounds are also useful in prophylaxis and treatment 
of hepatitis B virus infections. 

There are accordingly provided in a first 
aspect of this invention compounds of formula (I) 




(I) 



wherein X is S, S=0, or S0 2 ; 
Y is o, s, s=o, or S0 2 ; 
R x is hydrogen; and 



SUBSTITUTE SHBET 
ISNBP 



MAY 08 '97 12:17 



614 447 3648 PAGE. 47 



05/06/97 THU 11:15 FAX 614 447 3648 



CAS DDS 



@048 



WO 92/08717 PCT/CA91/00407 



R 2 is a purine or pyrimidin base or an analogue or 
derivative there f ; and 

pharmaceutical^ acceptable derivatives thereof. 

It will be appreciated by those skilled in the 
5 art that the compounds of formula (I) contain at least 
two chiral centers (shown as * in formula (I) ) and thus 
exist in the form of two pairs of optical isomers (i.e., 
enantiomers) and mixtures thereof including racemic 
mixtures. Thus the compounds of formula (I) may be 

10 either cis isomers, as represented by formula (II), or 
trans isomers, as represented by formula (III) / or 
mixtures tiiereOi ■ Each of the cis and trans isomers can 
exist as one of two enantiomers or as mixtures thereof 
including, racemic mixtures. All such isomers and 

15 mixtures thereof including racemic mixtures are included 
within the scope of the invention. 



(ii) y y \ A 

Y f Y— ' R 2 



The compounds of formula (I) are preferably in 
the form of their cia isomers. 
20 It will also be appreciated that when X is S=0 

and Y is O, S, or S0 2 , the compounds exist in two 
additional isomeric forms as shown in formulas (Ila) and 
(lib) . These isomers differ in the configuration of the 
oxide oxygen atom relative to the 2 , 4-substituent. 



25 (Ila) \ 7 ' \ O / < IB > 
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It will be further appreciated that when X is 
S=0 and Y is S=0 the compounds exist in four additional 
isomeric forms as shown in formulas (Ilc)-(irf). These 
isomers differ in the configuration of the oxide oxygen 
atom relative to the 2, 4-substituent, similar isomeric 
forms exist for the iraES compounds of formula (III) . 



20 



R,OCH 2 



\2/ 



(lie) \^Vy Rz W (lid) 



o 



(He) 



(Hf) 



II 

b 



The compounds of the invention additionally embrace such 
10 isomers and mixtures thereof. 

The Rj purine or pyrimidine base or analogue or 
derivative thereof, depicted in formula (I), vill be 
linked at the 9- or 1- position respectively. By purine 
or pyrimidine base or analogue or derivative thereof is 
15 meant a purine or pyrimidine base found in native 

nucleosides or an analogue thereof which mimics such 
bases in that their structures (the kinds of atoms and 
their arrangement) are similar to the native bases but 
may either possess additional or lack certain of the 
functional properties of the native bases. Such 
analogues include those derived by replacement of a CH 
moiety by a nitrogen atom (for example, 5-azapyrimidines 
such as 5-azacytosine) or vice verse (for example, 7- 
deazapurines, such as 7-deazadenine or 7 deazaguanine) or 
25 both (e.g., 7-deaza, 8-azapurines) . By derivatives of 
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such bases or analogues ar meant those compounds wherein 
ring substituents are either incorporated, removed, or 
modified by conventional substituents known in the art, 
e.g., halogen, hydroxyl, amino, C 1-6 alkyl. such purine 
5 or pyriaidine bases, analogues and derivatives will be 
well Known to those skilled in the- art. ' 

conveniently the group is selected from: 

t) - cr yy rv 



NHR a 



N 
I 



R« 



Re 



N 
I 



N 
I 



I 



CcV < 

R< R4 
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Xj" 




N R5 





OR4 





R4 




N 




N 



I 



NR 5 





OR5 'j" 




OFU 



N NR 5 
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N Re 




N F»7 




10 



15 



is selected from the group of hydrogen, c, 



wherein R, 

acyl (e.g., acetyl), hydroxyl, substituted or 
unsubstituted c w alkyl, and substituted or 
^substituted c w alkenyl or alkynyl (e .g. propynyl) ; 

R 4 and R 5 are independently selected from the group 
of hydrogen, hydroxymethyl, trif luoromethyl substituted 
or unsubstituted alkyl. substituted or unsubstituted 

alkenyl or alkynyl, bromine, chlorine, fluorine 
iodine, and thioaryl; 

" 6 " Elected from the group of hydrogen, bromine, 
chlorine, fluorine, iodine, cyano, carboxy, carboxamide, 
ethoxycarbonyl, carbamoyl, and thiocarbanoyl ; 

*7 and are Independently selected from the group 
of hydrogen, bromine, chlorine, fluorine, iodine, 
substituted or unsubstituted . a*ino, and hydroxy; and 
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R 9 is selected fr m the group of hydrog n, c, 1Q 
acyl, hydroxyl, substituted or unsubstituted C x 6 alkyl, 
and substituted or unsubstituted C 1 _ 6 alkenyl or alkynyl; 
and pbarmaceutically acceptable derivatives. 
Preferably is 




N Re 



wherein and R fl are as defined above. 
Y is preferably -0-. 

The preferred 2-substituted 4-substituted 1,3- 
oxathiolane of this invention is a compound of formula 
10 (ia) : 

RfOCH 2 y 



(laj 



wherein X is S, S=0, or S0 2 ; 
R-^ is hydrogen, ; and 

preferably, 14 is a heterocyclic radical selected 
15 from the group consisting of: 

NHR3 0 NHR 3 
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N R5 



wherein * 3 is selected from the group of hydrogen, c 
acyl (eg., acetyl), hydroxyl, substituted or ^ 
unsubstituted c w alkyi, and substituted or 
unsubstxtuted alk enyl or al*yn yl < e .g. propy„ yl) ; 
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R 4 and R 5 are ind pendently s lected from the group 
of hydrogen, hy droxymethyl , trifluoromethyl, substituted 
or unsubstituted C 1-6 alkyl, substituted or unsubstituted 
C lwg alkenyl or alkynyl, bromine, chlorine, fluorine, 
5 iodine, and thioaryl; 

R 6 is selected from the group of hydrogen, bromine, 
chlorine, fluorine, iodine, cyano, carboxy, carboxamide, 
ethoxycarbonyl , carbamoyl, and thiocarbamoyl ; 

R 7 and R Q are independently selected from the group 
10 of hydrogen, bromine, chlorine, fluorine, iodine, 

substituted or unsubstituted amino, and hydroxy; and 

?*g is selected from tli« group of hydrogen, c i_]_q 
acyl, hydroxyl, substituted or unsubstituted C 1-6 alkyl, 
and substituted or unsubstituted C- L _ 6 alkenyl or alkynyl; 
15 and pharmaceutically acceptable derivatives. 

The preferred 2-substituted 4-substituted 1,3- 
dithiolane of this invention is a compound of formula 
(lb) : 



(lb) 



20 wherein each X is independently selected from the group 
consisting of S, S=0, and S0 2 ; 
Rj is hydrogen; and 

preferably, R 2 is a heterocyclic radical selected 
from the group consisting of: 

NHR3 o J* H *3 

HN V N 
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wherein R 3 is selected from the group of hydr gen, C 
acyl (e.g., acetyl), hydroxy!, substituted or ' 
unsubstituted c 1-6 alkyl, and substituted or 
unsubstituted c l-6 alkenyl or alkynyl (e.g. propynyl) ; 
5 r 4 and R 5 are independently selected from the group 

of hydrogen, hydroxymethyl , trif luoromethyl , substituted 
or unsubstituted Cl _ 6 alkyl, substituted or unsubstituted 
c l-6 a l*enyl or alkynyl, bromine, chlorine, fluorine, 
iodine, and thioaryl; 

10 R 6 is selected from the group of hydrogen, bromine, 
chlorine, fluorine, iodine, cyano, carboxy, carboxamide, 
ethoxycarbonvl . carbannvi i . 

4 — , — ■-— ~i*-vBiuamujrj, ; 

R 7 and R g are independently selected from the group 
of hydrogen, bromine, chlorine, fluorine, iodine, 
substituted or unsubstituted amino, and hydroxy; and 



15 



20 



25 



30 



Rg is selected from the group of hydrogen, c. 1Q 
acyl, hydroxyl, substituted or unsubstituted alkyl, 
and substituted or unsubstituted C ± _ 6 alkenyl or alkynyl; 
and pharmaceutical^ acceptable derivatives. 

As used herein, the term "acyl* refers to a 
radical derived from a carboxylic acid, substituted or 
unsubstituted, by replacement of the -OH group. Like rhe 
acid to which it is related, an acyl radical may be 
aliphatic or aromatic, substituted or unsubstituted, and 
whatever the structure of the rest of the molecule may 
be, the properties of the functional group remain 
essentially the same. The use of the term -aroyl" is 
meant to refer to acyl groups derived from aromatic acids 
and describes a preferred subset of the term "acyl". 
Other suitable acyl groups will include, for example: 
acetyl, propionyl, isobutanoyl, pivaloyl, hexanoyl, 
trifluoroacetyl, chloroacetyl , cyclohexanoyl, 
chlorobenzoyl, methoxybenzoyl, trifluoromethylbenzoyl, 
1-naphthaloyl, 2-naphthaloyl, phenacyl, nitrobenzoyl , ' 
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*-hydroxy-e- P henylacetyl, a-»ethoxy-«-phenylacetyl, 
aminoacetyl, o-amino-f-phenylpropionyl, and c-methoxy-«. 
(trifluorom thyl) phenacyl. 

As used herein, "a pharaaceutically acceptable 
5 derivative- means any pharaaceutically acceptable salt 
ester, or salt of such ester, cf a compound of formula' 
(I) or any other compound which, upon administration to 
the recipient, is capable of providing (directly or 
indirectly) a compound of formula (1) or an antiviraliy 
10 active metabolite or residue thereof. 

Pharmaceutical^ acceptable salts of the 
compounds of formula (I) include those derive 
ph^aceuticaxiy acceptable inorganic and organic acids 
and bases. Examples of suitable acids include 
15 hydrochloric, hydrobromic, sulfuric, nitric, perchloric, 
fumaric, maleic, phosphoric, glycollic, lactic, 
salicylic, succinic, toluene-p-sulfonic, tartaric 
acetic, citric, aethanesulfonic, formic, benzoic, ' 
malonic, naphtha! ene-2 -sulfonic and benaenesulfonic 
20 acids, other acids such as oxalic, while not in 

themselves pharmaceutically acceptable, may be useful in 
the preparation of salts useful as intermediates in 
obtaining the compounds of the invention and their 
Pharmaceutically acceptable acid addition salts. 

Salts **rivB& from appropriate bases include 
alkali metal (e.g., sodium), alkaline earth metal (e.g 
magnesium), ammonium and H-fC^ alkyl) 4+ salts. 

References hereinafter to a compound according 
to the invention include both compounds of formula (I) 
30 and their pharmaceutically acceptable derivatives. 

It will be appreciated by those skilled in the 
art that the compounds of formula (I) may be modified to 
provide pharmaceutically acceptable derivatives thereof 

35 It TT l0nal gr ° UPS b0th tte base *2> and at 

35 the hydroxymethyi group of the oxathiolane or olthiolane 

ring. Modification at all such functional groups is 



SUBSTITUTE SHEET 



MAY 08 *97 12:21 



S14 447 3S48 PAGE. 58 



05/08/97 THU 11:19 FAX 614 447 3648 



CAS DDS 



@059 



WO 92/08717 PCT/CA91/00407 

17 



included within the scope of the invention. However, of 
particular interest are pharmaceutical ly acceptable 
derivatives (e.g., esters or esters of amino acids) 
obtained by modification of the 2-hydroxymethyl group of 
5 the oxathiolane or dithiolane ring. 

Preferred esters of the compounds of formula 
(I) include the compounds in which Rj^ is replaced by a 

carboxyl function R-C in which the non-carbonyl moiety 
R of the ester grouping is selected from hydrogen, 

10 straight or branched chain alkyl (e.g., methyl, ethyl, n- 
propyl, t-butyl, n-butyl), alkoxyalJcyl (e.g., 
sethexyaethyl), aralkyl (e.g., benzyl J , aryloxyalkyl 
(e.g., phenoxymethyl) , aryl (e.g., phenyl optionally 
substituted by halogen, c 1-4 alkyl or C lw4 alkoxy) ; 

IS substituted dihydro pyridinyl (e.g., N-methyldihydro 
pyridinyl) ; sulphonate esters such as alkyl- or 
aralkylsulphonyl (e.g., methanesulphonyl) ; sulfate 
esters; amino acid esters (e.g., L-valyl or L-isoleucyl) 
and mono-, di- or tri-phosphate esters. 

20 Also included within the scope of such esters 

are esters derived from poly functional acids such as 
earboxylic acids containing more than one carboxyl group, 
for example, dicarboxylic acids H0 2 C(CH 2 ) n co 2 H where n is 
an integer of 1 to 10 (for example, succinic acid) or 

25 phosphoric acids. Methods for preparing such esters are 
well known. See, for example, E~ Hahn et al., 
'Nucleotide dimers as anti-human immunodeficiency virus 
agents', Nucleotide Analogues As Antiviral Agents. J.C. 
Martin, Ed. Symposium Series #401, American Chemical 

30 Society, pp. 156-159 (1989) and M. Busso et al., 

"Nucleotide dimers suppress HIV expression in vitro*, 
AIDS Resea rch and Human Retroviruses. 4(6), pp. 449-455 
(1988). Where esters are derived from such acids, each 
acidic group is preferably esterif led by a compound of 

35 formula (I) or other nucleosides or analogues and 
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derivatives thereof to provide esters of the formula (IV) 
where: 

X 

CH a -CH 



Vi 



(IV) 



w is -0-0(CH 2 ) n -c-0- and n is an integer of 1 to 10 

9 s . 

5 or -O-P-O- or -o-P-O- , J is any nucleoside or 

Or cr 

nucleoside analogue or derivative thereof and X, Y, and 
R 2 are as defined above. Among the preferred nucleosides 
and nucleoside analogues are 3/-azido-2' , 3 '-dideoxy- 
thymidine, 2' ,3'-dideoxycytidine, 2' ,3'-dideoxyadenosine, 
10 2',3 '-dideoxyinosine, 2' , 3 '-dideoxythymidine, 2',3'- 
didecocy-2' # 3'-didehydrothymidine f and 2',3'-dideoxy- 
2' ,3'-didehydrocytidine and ribavirin and those 
nucleosides whose bases are depicted on pages 7-8 of this 
specification. The preferred ester of this invention is 
15 a homodimer consisting of two nucleosides of formula (1) . 

With regard to the above described esters, 
. unless otherwise specified, any alkyl moiety present 
advantageously .contains l to 16 carbon atoms, preferably 
1 to 4 carbon atoms and could contain one or wore double 
20 bonds. Any aryl moiety present in such esters 
advantageously comprises a phenyl group* 

In particular the esters may be a C x _ 16 alkyl 
ester, an unsubstituted benzoyl ester or a benzoyl ester 
substituted by at least one halogen (bromine, chlorine, 
25 fluorine or iodine), Cj_ 6 alkyl or alkenyl, saturated or 
unsaturated alkoxy, nitro or trifluoromethyl groups. 

Specific compounds of formula (I) include: 
fiifi-2 -hydroxymethy 1-4 - ( cytoa in-1 ' -yl ) - 1 , 3- 
oxathiolane, trans - 2 -hy dr oxyme thy 1-4 - (cytosin-1 ' -yl) - 
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l, 3-oxathiolane, and mixtures thereof; 

£ifi-2 -hydroxymethyl-4- (N 4 '-acetyl -cytosin-l'-yl) - 
1 , 3-oxathiolane, £rans.-2 -hydroxymethyl-4- (N 4 ' -acetyl - 
cyto S in-l^yi)-i /3 -oxathiolane, and mixtures thereof; 
5 £ia-2-hydroxymethyl-4-(uracil-i'- y ij-i f 3 _ 

oxathiolane, tr^-2-hydroxymethyl-4- (uracil-i '-yl) -1,3- 
oxathiolane, and mixtures thereof; 

cig-2 -hydroxymethyl-4- ( thymin-l ' -yl ) -1 , 3 - 
oxathiolane, tsaas-2 -hydroxymethyl-4- (thymin-l '-yl ) -1 , 3- 
10 oxathiolane, and mixtures thereof; 

£is-2-hydroxymethyl-4-{6'-chloropurin-9 '-yl) -i, 3- 
oxathiolane , £2^-2-hydrovym-thyi-4 - ( 5 ' -chi«r 0p urin-9 ' - 
yl)-l, 3-oxathiolane, and mixtures thereof; 

cis-2-hydroxymethyl-4- (adenin-9 ' -yl) -1 , 3 - 
oxathiolane, £r^-2-hydroxymethyl-4-(adenin-9'-yi)-i, 3 - 
oxathiolane, and mixtures thereof; 



15 



25 



SiS-2-hydroxymethyl-3roxo-4- (adenin-9 ' -yl) -1 , 3- 
oxathiolane; 

fiiS-2-hydroxymethyl-4-(6'-N-methylamino-purin-9'- 
20 yi ) -i #3 -oxathiolane; 

ci £ -2-hydroxynethyl-4-(6'-N,N-dimethylamino-purin- 
9 '-yl)-l, 3-oxathiolane, trajjg-2 -hydroxymethyl-4 - ( 6 ' -N n- 

dimethylamino-purin-9'-yl,-i,3-oxathiolane, and mixtures 
thereof; 

Si£-2-hydroxymethyl-4- (2 ' -amino-6 ' -chloro-purin-9 ' - 
yl) -1, 3-oxathiolane, tEani-2-hydroxymethyl-4- (2 ' -chloro- 
aaino-6'-puri„-9'-yi,-i,3- oxatnlolane# and nixtures 
thereof; 

£ia-2-hydroxymethyl-4-(2' , 6'-diamino-purin-9'-yi)- 
1 , 3-oxathiolane, trang-2-hydroxymethyl-4- (2 ' , 6 '-diamino- 
purin-9'-yi)-i, 3-oxathiolane, and mixtures thereof; 

cis-2 -hydroxymethyl-4- (guanin-9 ' -yl) -i, 3- 
oxathiolane; 

Eis-2 -hydroxymethyl-4- (cytosin-1 '-yl) -1 , 3- 
dithiolane, tr^is-2 -hydroxymethyl-4- (cytosin-i ' -yl) -1 , 3- 
dithiolane, and mixtures thereof; 



30 



35 
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1,3-dithiolane, £rju,s-2 -hydroxy* thyl^4-( N ^-acetyi- 
cytosxn-i-yD^^-^i lane, and mixtures thereof; 
and pharmaceutical^ acceptable derivatives thereof i„ 
the form of a raceaic mixture or single enantiomer. 

Preferred compounds of formula m are ci s ~? 
hydr0xymethyl.4-cadenin.9-yl, -1,3-oxathiolane and^ 
Pharmaceutically acceptable derivatives thereof in the 
form of a racemic mixture or single enantiomer. 

In the processes for preparing the compounds of 
thxs invention, the following definitions are used- 

.!?,_ XS " PUri T ° r Pyrlfflidi - *»• or an a _ na l*~ £ or 

-v-ATowive "cnereof; 



15 



25 



30 



35 



u^ub«ltL fT' ' tri ' Ul,StitUted substituted or 

^rt^ T alW ' SUb8tit "*«' " unsubetituted 

aralkyi such a, bensyi or trityl, substituted or 
unsubsututed Cl . 16 acyi, preferably . b or 
benzoyl substituted in any position by at least one 
talooen ,b«»i„e, chlorine, fluorine or iodine,, c, „ 
al*yl altoxy, nitro, or trifluoronethy! groups 

is substituted or ^substituted c, . alky!- and 
L ia a-leaving group-, i.e., an aton'or or^'^ 

«*zi:t: upon reaction ^ » »C 

»lth or Without a I«,i s acid. Suitable leaving groups 

h r UPS "** " eth0Xy "alogens such as 

iod»e, browns, chlorine, or fluorine, a«ido, azldo, 
Uocyanato, substituted or unsubstltuted, saturated or 
unsaturated thiolates, such as thiomethyl or ^io!l!" n . 

- -substituted, saturated'or 
selenxno compounds, such as phenyl selenide or alky! 
selenide, and substitute or unsubstituted satura^, 
^saturated aliphatic or arctic ^-TT^ 

™ a ' saturated or unsaturated 
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alkyl group, e.g., Cl _ 6 alkyl or alkenyl gr up; a 
substituted or unsubstitut d aliphatic or aromatic acyl 
group, e.g., a Cl _ 6 aliphatic acyl group such as acetyl 
and an aromatic acyl group such as benzoyl; a substituted 
5 or unsubstituted, saturated or unsaturated alkoxy or 
aryloxy carbonyl group, such as methyl carbonate and 
phenyl carbonate; substituted or unsubstituted sulphonyl 
imidazolide; substituted or unsubstituted aliphatic or 
aromatic amino carbonyl group, such as phenyl carbamate; 
10 substituted or unsubstituted alkyl imidate group such as 
trichloroacetaaidate; substituted or unsubstituted, 
saturate or unsaturated phosphonates , such as 
diethylphosphonate; substituted or unsubstituted 
aliphatic or aromatic sulphonyl group, such as tosylate; 
15 or hydrogen. 

Oxathiolane compounds of formula (la), 



R 1 OCH 2 



XT 



(la) 



20 



25 



wherexn X is S, s=o, or S0 2 , and their pharmaceutical^ 
acceptable derivatives, may be prepared according to the 
Processes discussed herein or by any method known in the 
art for the preparation of compounds of analogous 
structure. 

in one such process for producing oxathiolanes 
of this invention, a compound of formula (V) , 

CV) 
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wherein ^ is hydrogen r a hydroxyl protecting group and 
L is a displaceable atom or group, i.e., a 1 aving group, 
is reacted with an appropriate base. 

in a second process for producing oxathiolanes 
5 of this invention, a compound of formula (VI) 



RwOCtfe 



10 



15 



20 



25 



\— J (vi) 



may be converted to a compound of formula (la) by 
conversion of the anomeric NHj group to the required base 
by methods- well known in the art of nucleoside chemistry. 

The 1,3-oxathiolanes of formula (la) may also 
be prepared, for example, by reaction of an aldehyde a£ 
formula (VII) 

C 6 H 5 COOCH 2 CHO (VI1) 

with 2 r mercaptoethanol in a compatible organic solvent 
followed by Puamerer rearrangements as is know in the art 
(T. Durst, "Dimethylsulfoxide in Organic Synthesis-, Adv. 
fiES-SieEU, B.C. Taylor and B. Wynberg, Eds., 6 , pp . 356 - 
365 (1969)) to give 1,3-oxathiolanes of formula (V) 
which are converted to 1,3 -oxathiolanes of formula '(ia> 
by methods known in the art of nucleoside chemistry . 

Another process for preparing the 1,3- 
oxathiolanes of formula (la) is illustrated i„ scheme 1 
Although this process is illustrated using specific 
reagents and compounds, it will be appreciated by one of 
skill in the art that suitable analogous reactants may be 
used to prepare analogous products, as depicted, for 
example, in SCHEME 1A. 
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SCHEME 1 
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R*OCH 2 CHO 
(Vila) 



SCHEME 1A 



(Villa) 



RwOCH^X^ 



XT 



(XIa) 



RwOCH2 .% 



(Xa) 



(Xlla) 
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Th various steps involved in the synth sis of 
1,3-oxathiolanes f formula (la) as illustrated in 
SCHEME 1 may be briefly described as follows: 

StsS-J,' Benzoyloxyacetaldehyde of formula 
5 (VTI) or any aldehyde of the formula RyO^CHO (CD. Hurd 
and E.M. Filiachione, "A new approach to the syntheses of 
aldehyde sugars*, J. Am. ch^, a**. , 6 1, pp . ii 56 _iis 9 
(1939)) is condensed with a mercaptoalcohol such as 2- 
mercaptoethanol in a compatible organic solvent, such as 
10 toluene, containing a catalytic amount of a strong acid 
to give the intermediate shown in formula (VIIi) . 

2 '• Tic i,3-axathioiane of formula (VIII) 
is then oxidized with a peracid such as magnesium 
monoperoxyphthalic acid in a compatible organic solvent 
15 such as methylene chloride containing a salt such as 
tetrabutyl ammonium bromide to give the sulfoxide 
intermediate shown in formula (IX) . 

£tep_j.: The sulfoxide intermediate shown in 
formula (XX) is treated with an acid anhydride such as 
20 acetic .anhydride or any other anhydride of the formula 
(*xh° in thB Presence of a buffer such as tetra-n- 
butylammonium acetate to give the 2,4-disubstituted-l, 3- 
oxathiolane of formula (X) (T. Durst, Adv. Org. Ch P ™ 6/ 
pp. 356-365 (1969)). 
25 stc P 4: The l , 3-oxathiolane of formula (X) is 

then reacted with a pyrimidine or purine base or analogue 
thereof, (e.g., 6-chloropurine) previously silylated 
with, for example, hexamethyldisilazane in a compatible 
solvent using a Lewis acid or trimethylsilyl triflate to 
30 give the intermediate of formula (XI) as sis. and trans 
isomers. The isomers may be separated, preferably by 
chromatography, to give pure £ig (XI) and pure trans 
(XI). 

StgB__5: The benzoate function of the compound 
35 of formula (XI) (sis. or trans isomer) , is hydrolyzed 
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using a base such as methanolic amm nia to obtain the 
compound shown in formula (XII) as els - or trans- isomer. 

Step 6 : The chloro function of product of 
formula (XII) is displaced by methanolic ammonia 
5 preferably under pressure to give the product shown in 
formula (XIII) as a els- or trans - isomer* 

St ep_7 : The preceding Isomers of formula 
(XIII) are treated with an oxidizing agent, e.g., a 
suitable per acid, in a compatible organic solvent to give 
10 the 3 -oxide (sulfoxide) of formula (XIV) . 

step 8 : The chloro function of the compound of 
formula (Xli) is displaced by ethanolic methylamine, 
preferably under pressure, to give the product shown in 
formula (XV) as a cis - or trans - isomer. 
15 Step 9 : The chloro function of the compound of 

formula (XII) is displaced by ethanolic diraethylamine, 
preferably under pressure, to give the product shown in 
formula (XVI) as a cis- or trans - isomer, 

Dithiolane compounds of formula (lb) , 



20 \ J (lb) 



wherein each X is independently selected from S, s=0, or 
S0 2 , and their pharmacologically acceptable derivatives, 
may be prepared according to the processes discussed 
herein or by any method known in the art for the 
25 preparation of compounds of analogous structure. 

In one such process for preparing the 
dithiolanes of this invention, a compound of formula 
(XVTI) 
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(XXIV) 
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SCHEME 2A 



C e H 5 COOCH 2 CHO 
(VII) 



(XX) 



(XIX) 



OCOCH 3 




NHCOCHj 



(XXIII) 



(XXIV) 
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RwOCH 2 X. . 

xy 



(XVII) 



wherein ^ is hydrogen or hydroxyl protecting group and L 
is a displaceable atom or group, i.e., a leaving group, 
is reacted with an appropriate base. 

In another process for preparing the 

ditniolanes of this invention, a compound of formula 
(XVIII) 



(XVIII) 



10 



15 



20 



may be converted to a compound of formula (lb) by 
conversion of the anomeric NH 2 group to the required base 
by methods well known in the art of nucleoside chemistry. 

The 1,3-dithiolanes of formula (lb) may also be 
prepared, for example, by reaction of an aldehyde of 
formula (vii) 

C 6 H 5 COOCH 2 CHO (vii) 

with 1,2-ethanedithiol in a compatible organic solvent 
followed by Pummerer rearrangement as is known in the art 
(T. Durst, Adv, Org. Cftei A , 6, p. 356-365 (1969)) to give 
1,3-dithiolanes of formula (XVII) which are converted to 
1,3-dithiolanes of formula (lb) by methods known in the 
art of nucleoside chemistry. 

Another process for preparing the 1,3- 
dithiolanes of formula (lb) is illustrated in SCHEME 2. 
Alth ugh this proc ss is illustrated using sp cific 
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The various steps involved in the synthesis of 
1, 3-dithiolanes of formula (lb) as illustrated in 
SCHEME 2 may be briefly described as follows: 

fitgsul: Benzoyloxyacetaldehyde of formula 
5 (VII) or any aldehyde of the formula l^OC^CHO (CD. Hurd 
and E.M. Filiacbione, "A new approach to the synthesis of 
aldehyd sugars", J. Am. « MW , 1 c^, , 61/ pp> 1156 _ 11S9 
(1939)) is condensed with a vicinal dithiol such as 1,2- 
thanedithiol in a compatible organic solvent, such as 
10 toluene, containing a catalytic amount of a strong acid 
to give the intermediate shown in formula (XIX) . 



AO 



20 



30 



35 



EXTRA PAGE. 802 

xoxuene, containing a catalytic amount of a strong acid 
to give the intermediate shown in f rmula (XIX) . 

ste P 2 : *n 1,3-dithiolan of formula (XIX) is 
then oxidiz d with a peracid, such as m-chloroperbenzoic 
acid in a compatible organic solvent, such as methylene 
15 chloride to give the sulfoxide intermediate sh wn in 
formula (XX). 

ste P 3 » The sulfoxide intermediate shown in 
formula (XX) is treated with an acid anhydride, such as 
acetic anhydride or any other anhydride of the formula 
(R x J 2 0 ' in the Presence of a base, such as sodium 
acetate, to give the 2,4-disubstituted-l,3-dithiolane of 
formula (XXI) (T. Durst, Adv. Org. Qypm. r 6 , pp. 356-365 
(1969)) . 

Step_4: The, 1,3-dithiolane of Simula (xxi) is 
then reacted with a pyrimidine or purine base or analogue 
thereof containing an NH 2 group (e.g., cytosine) 
previously silylated with, for example, hexamethyl- 
disilazane, in a compatible solvent using a Lewis acid, 
such a tin IV tetrachloride or trimethylsilyl triflate, 
to give the intermediate of formula (XXII) as ela and 
trans isomers. 

Sfe§p_S: The amine function of the compound 
shown in formula (XXII) is acetylated with acetic 
anhydride to yield the intermediate of formula (XXIII) as 
cis and trans isomers which are separated, preferably by 



25 
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chromatography , to give pure cis (XXIII) and pure trans 
CXXIII) . 

Step 6 : The sis and ££ana isomers of formula 
(XXIII) are treated with methanolic ammonia to obtain 

5 the desired product shown in formula (XXIV) as a cis or 
trans isomer. 

Another process . for preparing the compounds of 
formula (lb) is illustrated in SCHEME 3, Although this 
process is illustrated using specific reagents and 

,0 wwmpGuiids, it will be appreciated by one of skill in the 
art that suitable analogous reactants may be used to 
prepare analogous products , as depicted, for example, in 
SCHEME 3A. 



EXTRA PAGE. 001 
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reagents and compounds, it will be appreciated by one of 
skill in the art that suitable analogous reactants may be 
used to prepare analogous products, as depicted, for 
example, in SCHEME 2A. 
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?6H S 

O CsHj I 

HSCH 2 CSH + (CH 3 ) 3 C-Si-OCH 2 CHO - <m!y^/ 

(XXV) (XXVI) S 

(XXVII) 



o 




I 
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Xr 




(XXlVa) 
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The vari us steps involved in the synthesis of 
1,3-dithiolanes of formula (lb) as illustrated in SCHEME 
3 may be briefly described as follows: 

SSSE_l: The known mercaptothioacetic acid of 
5 formula (XXV) (s. Satsumahyashi et al., "The Synthesis of 
1,3-Dithiolanone Derivatives', J. org, eh*™ r 38/ pp< 
3953-3954 (1973) is reacted with an appropriate aldehyde 
of formula lyjo^CHO, wherein R^, is preferably a silyl 
protecting group and more preferably, is a t- 
butyldiphenylsilyl protecting group, in a compatible 
solvent, in the presence of an appropriate Lewis acid 
such as zinc iodide to give the intermediate of formula 

(XXVII) . 

S£ep_2: The compound of formula (XXVII) is 
reduced with an appropriate reducing agent such as 
diisobutylaluminum hydride in a compatible organic 
solvent such as toluene to give the compound of formula 

(XXVIII) . 

5£§p_a: The compound of formula (XXVIII) is 
reacted with an acid anhydride or acid chloride such as 
acetic anhydride in the presence of pyridine and an 
acylation catalyst such as dimethyl aminopyridine to give 
the compound of formula (XXIX) . 

S£fiE_4r The 1, 3-dithiolane of formula (XXIX) 
is then reacted with a pyriaidine or purine base (e.g., 
cytosine) or analogue thereof previously silylated with, 
for example, hexamethyldisilazane in a compatible organic 
solvent using a Lewis acid, such as tin IV tetrachloride 
to give the intermediate of formula (XXX) as sis and 
30 trans isomers. 

ste P 5 J The cia and trans isomers of formula 
(XXX) are treated with tetra n-butylanmonium fluoride or 
other desilylating agents in an appropriate organic 
solvent such as tetrahydrofuran to give the desired 
product (XXIV) as a cis and £rajig isomers. 



20 



25 
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The els and £Ean§ isomers of formula (XXIV) ar 
separated preferably by high pressure liquid 
chromatography to obtain the desired 1,3-dithiolane of 
formula (lb) as a pure cis or trans isomer, 
5 Many of the reactions in the above-described 

processes have been extensively reported in the context 
of purine nucleoside synthesis, for example, in 
L.B. Townsend, "Chemistry of the heterocyclic moiety of 
purine nucleosides and some closely related analogues*, 

10 N jic .l, eosi<fo Analogues - Chemistry, Biology, and Medie^ 

Applications, r.t. Walker et al. f Eds., Plenum Press, Nev 
York (1975) at pages 193-223, the text of which is 
incorporated by reference herein. 

It will be appreciated that the reactions of 

15 the above-described processes may require the use of, or 
conveniently may be applied to, starting materials having 
protected functional groups, and deprotection might thus 
be required as an intermediate or final step to yield the 
desired compound. Protection and deprotection of 

20 functional groups may be effected using conventional 

means* Thus, for example , amino groups may be protected 
by a group selected from aralkyl (e.g., benzyl), acyl or 
aryl (e.g., 2,4-dinitrophenyl) ; subsequent removal of the 
protecting group being effected when desired by 

25 hydrolysis or hydrogenolysis as appropriate using 

standard conditions. Hydroxyl groups may be protected 
using any conventional hydroxyl protecting group, for 
example, as described in "Protective Groups in Organic 
Chemistry 1 ', Ed, J.F*W. McOmie (Plenum Press, 1973) or 

30 "Protective Groups in Organic Synthesis" by Theodora W. 

Greene (John Wiley and Sons, 1981) . Examples of suitable 
hydroxyl protecting groups include groups selected from 
alkyl (e.g., methyl, t-butyl or methoxymethyl) , aralkyl 
(e.g., benzyl, diphenylmethyl or triphenylmethyl) , 

35 heterocyclic groups such as tetrahydropyranyl , acyl, 
(e.g., acetyl or benzoyl) and silyl groups such as 
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triallcylsilyl (e.g., t-butyldimethylsilyl) . The hydroxyl 
protecting groups may be removed by conventional 
techniques. Thus, for example, alkyl, silyl, acyl and 
heterocyclic groups may be removed by solvolysis, e.g., 
5 by hydrolysis under acidic or basic conditions. Aralkyl 
groups such as triphenylmethyl may similarly be removed 
by solvolysis, e.g., by hydrolysis under acidic 
conditions. Aralkyl groups such as benzyl may be 
cleaved, for example, by treatment with BF 3 /etherate and 

10 acetic anhydride followed by removal of acetate groups so 
formed at an appropriate stage in the synthesis • Silyl 
groups may also conveniently be removed using a source of 
fluoride ions such as tetra-n-butylammonium fluoride. 

In the above-described processes, the compounds 

15 of formula (I) are generally obtained as a mixture of the 
cis and trans isomers. 

These isomers may be separated, for example, by 
acetylation, e.g., with acetic anhydride followed by 
separation by physical means, e.g., chromatography on 

20 silica gel and deacetylation, e.g., with methanolic 
ammonia or by fractional crystallization. 

Pharmaceutical^, acceptable salts of the 
compounds of the invention may be prepared as described 
in United States Patent No. 4,383,114, the disclosure of 

25 which is incorporated by reference herein. Thus, for 
example, when it is desired to prepare an acid addition 
salt of a compound of formula (I) , the product of any of 
the above procedures may be converted into a salt by 
treatment of the resulting free base with a suitable acid 

30 using conventional methods • Pharmaceutical ly acceptable 
acid addition salts may be prepared by reacting the free 
base with an appropriate acid optionally in the presence 
of a suitable solvent such as an ester (e.g., ethyl 
acetate) or an alcohol (e.g., methanol-, ethanol or 

35 isopropanol) . inorganic basic salts may be prepared by 
reacting the free base with a suitable base such as an 
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alkoxide (e.g., sodiuB ae thoxide) optionally in the 
presence, of a s Ivent such as an alcohol (e . g ., 
methanol) . Pharmaceutical!/ acceptable salts may also be 
prepared from other salts, including other 
5 pharmaceutical!/ acceptable salts, of the compounds of 
formula (I) using conventional methods. 

A compound of formula (r) may be converted into 
a pharmaceutical^ acceptable phosphate or other ester by 
reaction with a phosphorylating agent, such as poc1„ or 
a suitable esterifying agent, such as an acid halide or 
anhydride, as appropriate. An ester or salt of a 

compound of formula (I) mav be o™, — ^ ^ _ fc 

- — - — «-w uoe parent 
compound, for example, by hydrolysis. 

Where the compound of formula (I) i s desired as 
a single isomer it may he obtained either by resolution 
of the final product or by stereespecific synthesis from 

xsometrxcally pure starting material cr any convenient 
intermediate. - 

Resolution of the final product, or an 
intermediate or starting material therefore may be 
effected by any suitable method known in the art: see 
for example, geochemistry ^ ~ mprtxmi] ^ 

The intermediates of formulas (I C ) and (id) are 
useful in the above-described processes for making the 
oxathxolane and dithiolane compounds, of this invention 

wherein is trisubstituted silyl, substituted or 
30 unsubstituted alkyl, substituted or unsubstituted 
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aralkyl such as benzyl or trityl, substituted or 
unsubstituted C 1 _ 16 acyl, preferably a benzoyl or a 
benzoyl substituted in any position by at least one 
halogen (bromine, chlorine, fluorine or iodine) , c 
S alkyl, c 1-6 alkoxy, nitro, or trifluoromethyl group! and 
R 2 is a purine or pyrimidine base or an analogue or 
derivative thereof; and 

L is a leaving group as previously defined. 

The following intermediates of formula (ic) are 
10 of particular importance: 

£is-2 -benzoyloxymethyl-4 - ( cytosin-l '-yl)-l,3- 
oxathiolano .. ir^-2-bcr.zGyloXyiuethyi-4-(cytosin-l'-yl) - 
l, 3-oxathiolane, and mixtures thereof; 

cia-2-benzoyloxymethyl-4- (N 4 '-acetyl-cytosin-i ' -yl) - 
1 , 3-oxathiolane, £Eans-2-benzoyloxymethyl-4- (N 4 ' -acetyl - 
cytosin-i'-yl)-i, 3-oxathiolane, and mixtures thereof; 

-benzoyloxymethyl-4- (uracil-l '-yl) -1,3- 
oxathiolane, icans-2-benzoyloxymethyl-4- (uracil-l ' -yl) - 
1, 3-oxathiolane, and mixtures thereof; 

sig-2-benzoyloxymethyl-4- (thymin-l.'-yl) -i, 3- 
oxathiolane, tans -2 -benzoyloxymethyl-4- (thymin-1 ' -yl) - 
1,3-oxathiolane, and mixtures thereof ; 

£ia-2-benzoyloxymethyl-4-(6'-chloropurin-9'-yl) -i, 3- 
oxathiolane, £rans-2 -benzoyloxymethyl-4- ( 6 ' -chloropurin- 
25 9 '-yl)-i, 3-oxathiolane, and mixtures thereof; 

ci£-2-benzoyloxynethyl-4- (adenin-9'-yl) -1,3- 
oxathiolane , £rajia-2-benzoyloxymethyl-4- (adenin-9 ' -yl ) - 
l , 3-oxathiolane ; 

fiia-2-benzoyloxymethyl-4- ( 2 ' -amino- 6 ' -chlor o-purin- 
3 0 9 '-yl) -1,3-oxathiolane, £rans-2-benzoyloxymethyl-4-(2'- 
amino-6 '-chioro-purin-9 ' -yl ) -1 , 3-oxathiolane , and 
mixtures thereof; 

£is-2-benzoyloxymethyl-4- (cytosin-l ' -yl ) -1 , 3- 
di thiolane , trans-2 -benz oyloxymethyl -4 - ( cytosin-l ' -yl ) - 
35 1,3-dithiolane, and mixtures thereof; 
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cis-2-benzoyloxymethyl-4- (N 4 ' -acetyl-cytosin-1 ' -yl) - 
1,3-dithiblan , ££ans-2-benzoyloxymethyl -4- <N 4 ' -acetyl- 
cytosin-l'-yl)-l, 3-dithiolane, and mixtures thereof; 

gis^2-t-butyidiphenyl6ilyloxyjiiethyl-4- (cytosin-l ' - 
5 yl)-l, 3-dithiolane, irans-2-t-butyldiphenylsilyloxy- 
methyl-4-(cytosin-l'-yl)-l, 3-dithiolane, and mixtures 
thereof; and 

£ia-2-t-butyldiphenylsilyioxyniethyl-4- (N 4 ' -acetoxy- 
cytosin-l '-yl)-l, 3-dithiolane, t£ans-2-t-butyldiphenyl- 
10 silyloxymethyi-4- (N 4 ' -acetoxy-cytosin-1' -yl) -1,3- 
dithiolane, and mixtures thereof. 

The following intermediates of formula (Id) are 
of particular importance: 

2-benzoyloxymethyl-l, 3-oxathiolane; 
15 cis-2 -benzoyloxymethyl-l-oxo-1 , 3 -oxathiolane , trans - 

2-benzoyloxymethyl-i-oxo-i, 3-oxathiolane, and mixtures 
thereof; 

cijs^2-ben2oyloxymethyl-4-acetoxy-l, 3-oxathiolane, 
trsns-2-benzoyloxYmethyl-4-acetoxy-l, 3-oxathiolane, and 
20 mixtures thereof; 

2-t-butyldiphenylsilyloxymethyl-l , 3-dithiolane; 
2-benzoyloxymethyl-l , 3-dithiolane ; 

cis-2-benzoyloxymethyl-3-oxo-l , 3-dithiolane , trans - 
2-benzoyloxymethyl-3-oxo-l, 3-dithiolane, and mixtures 
25 thereof; 

£AS-2-benzoyloxymethyl-4-acetoxy-l, 3-dithiolane, 
tEans-2-berizoyloxymethyl-4-acetoxy-l , 3-dithiolane, and 
mixtures: thereof; 

£iS-2-t-butyldiphenylsilyloxymethyl-4-hydroxy-l , 3- 
30 dithiolane, £r!UlS-2-t-butyldiphenylsilyloxymethyl-4- 
hydroxy-1, 3-dithiolane, and mixtures thereof; and 

£iS-2-t-butyldiphenylsilyloxymethyl-4-acetoxy-l , 3- 
dithiolane, tjajis-2-t*butyldiphenylsilyloxymethyl-4- 
acetoxy-1, 3-dithiolane, and mixtures thereof • 
35 The compounds of the invention either 

themselves p ss ss antiviral activity and/or are 



SUBSTITUTE SHEET 



MAY 08 '9? 12:29 



614 447 3648 PPGE.80 



05/08/97 THU 11:26 FAX 614 447 3648 



CAS DDS 



3)081 



WO 92/08717 PCT/CA91/00407 

41 

metabolizable to such compounds. In particular these 
compounds ar affective in inhibiting the replication 
of hepatitis B virus and retroviruses, including human 
retroviruses such as human immunodeficiency viruses 
5 (HIV's), the causative agents of AIDS. 

There is thus provided as a further aspect of 
the invention a compound formula (I) or a 
pharmaceutical^/ acceptable derivative thereof for use 
as an active therapeutic agent in particular as an 

10 • antiviral agent, for example in the treatment of 

hepatitis B viral and retroviral infections* 

In a further or alternative aspect there is 
provided a method for the treatment of a viral 
infection, in particular an infection caused by 

15 hepatitis B virus or a retrovirus such as HIV, in a 

mammal, including man, comprising administration of an 
effective amount of an antiviral compound of formula 
(I) or a pharmaceutical ly acceptable derivative 
thereof. 

20 There is also provided in a further or 

alternative aspect of this invention, use of a compound 
of formula (I) or a pharmaceutically acceptable 
derivative thereof for the manufacture of a medicament 
for the treatment of a viral infection. 

25 The compounds of the invention are also useful 

in the treatment of AIDS -related conditions such as 
AIDS -related complex (ARC) , persistent generalized 
lymphadenopathy (PGL) , AIDS -related neurological 
conditions (such as dementia) , anti-HIV antibody- 

30 positive and HIV-positive conditions, Kaposi's sarcoma, 

thrombocytopenia purpura and opportunistic infections. 

The compounds of the invention are also useful 
in the prevention or progression to clinical illness of 
individuals who are anti-HIV antibody or HlV-antigen 

35 positive and in prophylaxis following exposure to HIV. 

The c mpounds of formula (I) or the pahrma- 
ceutically acceptabl derivatives thereof, may also 
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be used for the prevention of viral contamination of 
biological fluids such as blood or semen in yitrc. 

Certain of the compounds of formula (I) are 
also useful as intermediates in the preparation of other 
5 compounds of the invention. 

It will be appreciated by those skilled in the 
art that references herein to treatment extends to 
prophylaxis as well as the treatment of established 
infections or symptoms. 

It will be further appreciated that the amount 
of a compound of the invention required for use in 

treatment will vary not onlv with 

- r-*"*wmf compound 

selected but also with the route of administration the 
nature of the condition being treated and the age and 
condition of the patient and will be ultimately at the 
discretion of the attendant physician or veterinarian 
in general, however, a suitable dose will be in the range 
from about i to about 750 ma/kg of body weight per day, 
such as 3 to about 120 mg per kilogram body weight of the 
recipient per day, preferably in the range of 6 to 90 
»g/kg/day, most preferably in the range of 15 to so 
mg/kg/day. 

. a , , The d6Sired dose ^ conveniently be presented 
xn a single dose or as divided doses administered at 
appropriate intervals, for example as two, three, four or 
more sub-doses per day. 

The compound is conveniently administered in 
unit dosage form; for example containing io to isoo mg 
conveniently 20 to 1000 mg, most conveniently 50 to 700 
mg of active ingredient per unit dosage form. 

Ideally the active ingredient should be 
administered to achieve peak plasma concentrations of the 
active compound of from about 1 to 75 m , preferably 
about 2 to SO MK, most preferably about 3 to about 30 mK. 
This may be achieved, f pr example, by the intravenous 
injection of a o.i to 5% solution of the active 
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ingredient, optionally in saline, or administered as a 
bolus containing about 0.1 to about 110 mg/kg of the 
active ingredient. Desirable blood levels nay be 
maintained by a continuous infusion to provide about 0.01 
5 to about 5.0 mg/kg/hour or by intermittent infusions 
containing about 0.4 to about 15 ng/kg of the active 
ingredient. 

While it: is possible that, for use in therapy, 
a compound of the invention may be administered as the 
10 raw chemical it is preferable to present the active 
ingredient as a pharmaceutical formulation. 

The invention thus furtliet provides a 
pharmaceutical formulation comprising a compound of 
formula (I) or a phannaceutically acceptable derivative 
15 thereof together with one or more pharmaceutical^ 
acceptable carriers thereof and, optionally, other 
therapeutic and/or prophylactic ingredients. The 
carrier (s) must be "acceptable" in the sense of being 
compatible with the other ingredients of the formulation 
and not deleterious to the recipient thereof. 

Pharmaceutical formulations include those 
suitable for oral, rectal, nasal, topical (including 
buccal and sub-lingual) , vaginal or parenteral (including 
intramuscular, sub-cutaneous and intravenous) 
25 administration or in a form suitable for administration 
by inhalation or insufflation. The formulations may, 
where appropriate, be conveniently presented in discrete 
dosage units and may be prepared by any of the methods 
well known in the art of pharmacy. All methods include 
the step of bringing into association the active compound 
with liquid carriers or finely divided solid carriers or 
both and then, if necessary, shaping the product into the 
desired formulation. 

Pharmaceutical formulations suitable for oral 
administration may conveniently be presented as discrete 
units such as capsules, each ts or tablets each 



20 



30 



35 



SUBSTITUTE SHEET 



MPY 08 '9? 12:30 



614 447 3648 PAGE . 83 



05/08/97 THU 11:28 FAX 614 447 3648 



CAS DDS 



12)084 



WO 92/08717 PCT/CA91/00407 

44 

containing a predetermined amount of the active 
ingredient; as a powder or granul s; as a solution; as a 
suspension; or as an emulsion. The active ingredient may 
also be presented as a bolus, electuary or paste. 

5 Tablets and capsules for oral administration may contain 
conventional excipients such as binding agents , fillers, 
lubricants, disintegrants, or wetting agents. The 
tablets may be coated according to methods well known in 
the art. Oral liquid preparations may be in the form of, 

10 for example, aqueous or oily suspensions, solutions, 

emulsions, syrups or elixirs, or may be presented as a 
dry product for constitution **ith vstcr cr cthsr suitable 
vehicle before use. Such liquid preparations may contain 
conventional additives such as suspending agents, 

15 emulsifying agents , non-aqueous vehicles (which may 
include edible oils) or preservatives. 

The compounds according to the invention may 
also be formulated for parenteral administration (e.g. , 
by injection, for example bolus injection or continuous 

20 infusion) and may be presented in unit dose form in 

ampoules, pre- filled syringes, small volume infusion or 
in multi-dose containers with an added preservative. The 
compositions may take such forms as suspensions, 
solutions, or emulsions in oily or aqueous vehicles, and 

25 may contain formulatory agents such as suspending, 

stabilizing and/or dispersing agents. Alternatively, the 
active ingredient may be in powder form, obtained by 
aseptic isolation of sterile solid or by lyophilization 
from solution, for constitution with a suitable vehicle, 

30 e.g., sterile, pyrogen-free water, before use. 

For topical administration to the epidermis , 
the compounds according to the invention may be 
formulated as ointments, creams, or lotions, or as a 
transdermal patch. Ointments and creams may, for 

35 example, be formulated with an aqueous or oily base with 
the addition of suitable thickening and/or gelling 
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ag nts. Lotions may be formulated with an aqueous or 
oily base and will in general also contain one or more 
emulsifying agents, stabilizing agents, dispersing 
agents, suspending agents, thickening agents, or coloring 
agents. 

Formulations suitable for topical 
administration in the mouth include lozenges comprising 
active ingredient in a flavored based, usually sucrose 
and acacia or tragacanth; pastilles comprising the active 
ingredient in an inert base such as gelatin and glycerin 
or sucrose and acacia; and mouthwashes comprising the 
active ingredient ir. a it able liquid carrier. 

Pharmaceutically formulations suitable for 
rectal administration wherein the carrier is a solid, are 
most preferably represented as unit dose suppositories. 
Suitable carriers include cocoa butter and other 
materials commonly used in the art, and the suppositories 
may be conveniently formed by admixture of the active 
compound with the softened or melted carrier (s) followed 
20 by chilling and shaping in molds. 

Formulations suitable for vaginal 
administration may be presented as pessaries, tampons, 
creams, gels, pastes, foams or sprays containing in 
addition to the active ingredient, such carriers as are 
25 known in the art to be appropriate. 

For intra-nasal administration the compounds of 
the invention may be used as a liquid spray or 
dispersible powder or in the form of drops. 

Drops may be formulated with an aqueous or non- 
aqueous base also comprising one or more dispersing 
agents, solubilizing agents or suspending agents. Liquid 
sprays are conveniently delivered from pressurized packs. 

For administration by inhalation, the compounds 
according to the invention are conveniently delivered 
from an insufflator, nebulizer or a pressurized pack or 
other convenient means of delivering an aerosol spray. 
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Z^'^T* ^ COBPriee 3 SUltable Pliant such 
afl dichlorodxfluorcaaethane, tricfclorofiuoromethane, 
dichlorotetrafluoroethane, carbon dioxide or other 
suitable gas. In the case of a pressurised aerosol, the 
5 dosage unit may be determined by providing a valve to 
deliver a metered amount. 

Alternatively, for administration by inhalation 
or insufflation, the compounds according to the invention 
may take the form of a dry powder composition, for 
10 example a powder mix of the compound and a suitable 
powder base such as lactose or starch. The powder 
composition may be presented in unit dos ig = for* in , for 
"-Pie, capsules or cartridges or, e.g., gelatin or 

1S ]TZ fr °* WhlCh the P0Wder be administered 

15 with the aid of an inhalator or insufflator. 

adan^ + T deSired ' ^ ab ° Ve formulations 
adapted to give sustained release of the active 
ingredient, may be employed. 

2 o «, « ^ Pharmaceutical compositions according to 

TJ7 I 0 * ™* alS ° C ° ntain 0ther -^e ingredients 
such as antimicrobial agents, or preservatives. 

The compounds of the invention may also be used 
in combination with other therapeutic agents, for 

25 !!r Ple ; antl " infeCtive m particular the 

25 compounds of the invention may be employed together with 
known antiviral agents. 

The invention thus provides, in a further 
aspect, a combination comprising a compound of formula 
(I) or a physiologically acceptable derivative thereof 
together with, another therapeutically active agent, i„ 
particular, an antiviral agent. 

The combinations referred to above may 
conveniently be presented for use in the form of a 
Pharmaceutical formulation and thus pharmaceutical 
formulations comprising a combination as defined above 
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together with a pharmaceutical^ acceptable carrier 
th reof compris a further aspect of th invention. 

Suitable therapeutic agents for use in such 
combinations include acyclic nucleosides such as 
5 acyclovir, ganciclovir, interferons euch as alpha-, beta- 
and gamma-interferon; glucuronation inhibitors such as 
• probenecid; nucleoside transport inhibitors such as 
dipyridamole; nucleoside analogues such as 3'-azido- 
2',3'-dideoxythymidine, 2' ,3'-dideoxycytidine, 2', 3'- 
10 dideoxyadenosine, 2' ,3'-dideoxyinosine, 2',3'- 
dideoxythymidine , 2 ' , 3 ' -dideoxy-2 ' , 3 ' -didehydro- 
thymidino, sr.d 2 3 '-dideoxy-2- , 3 '-didehydrocytidine and 
ribavirin; imwunomodulators such as interleukin II (IL2) 
and granulocyte macrophage colony stimulating factor (GM- 
15 CSF), erythropoietin, ampligen, thyraomodulin, 

thymopentin, foscarnet, glycosylation inhibitors such as 
2-deoxy-D-glucose, castanospermine, 1-deoxynojirimycin; 
and inhibitors of HIV binding to CD4 receptors such as 
soluble CD4, CD4 fragments and CD4-hybrid molecules. 
20 ThB individual components of such combinations 

may be administered either sequentially or simultaneously 
in separate or combined pharmaceutical formulations. 

When the compound of formula (I) or a 
pharmaceutical^ acceptable derivative thereof is used in 
25 combination with a second therapeutic agent active 

against the same virus, the dose of each compound may be 
either the same or differ from that when the compound is 
used alone. Appropriate doses will be readily 
appreciated by those skilled in the art. 

The invention will be further described by the 
following examples which are not intended to limit the 
invention in any way. All temperatures are in degrees 
Celsius. 
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EXAMPLES 

Example l 

C 6 H 5 COOCH 2 CHO (VII) 

5 This known intermediate was prepared by 

portionwise addition of Nal& 4 (80 g) to a mixture of 1* 
benzoyl glycerol (50 g) > CH 2 C1 2 (500 ml) , and H 2 C (25 ml) 
under vigorous stirring at room temperature* The 
resulting solution was stirred for 2 hours MgS0 4 (100 g) 
10 added, ind ths solution stirxwd Zuz cin additional 30 
minutes* The mixture was filtered, the filtrate 
evaporated in vacuo and the residue distilled in vacuo to 
yield 26 g of pure product. 

b.p, 92-94 V<>«25 mm . 
15 *H NMR (200 MH Z ; THS as internal reference): 
*(ppm in CDC1 3 ) 

9.71 (s, 1H; -CHO) 
8.11 (d, 2H; aromatic) 
7.60 (m, 1H; aromatic) 
20 7.46 (m, 2H; aromatic) 

4.88 (S, 2H; -CHjCHO) 

Example^ 

2-Ben2QvloxvmethYl*l ,3-oxa thiolane 



n— / 



C 6 H5COOqH 2>/ S, 

(VIII) 



25 A mixture of benzoyloxyacetaldehyde (6.21 g) , 2- 

mercaptoethanol (3 ml) and para-toluene sulfonic acid 
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(0.2 g) in toluene (150 ml) was heated for 3 h urs at 
refluxing under water removal conditions using a Dean 
Stark apparatus. The mixture was cooled to room 
temperature, washed first with aqueous NaHC0 3 -solution (i 
5 x 50 ml), and then with water (2.5 ml) and dried over 
MgS0 4 . The solution was filtered and the filtrate 
evaporated under reduced pressure. The residue was 
purified on silica gel using hexanetethyl acetate (9:1) 
as eluant. it yielded 7.63 g (90%) of pure product, 
10 which was identified hy 1 H- and 13 C-NMR. 

R f : 0.39 (hexane: ethyl acetate) 

i 

W— fcTRJTD • r /_ J — »»— — - . 

.. v lt /j<iu jk.ll WUI^X^J 

8.03 (m, 2H, aromatic) 
7.53 (m, 1H, aromatic) 
15 7.39 (m, 2H, aromatic) 

5.41 (dd, 1H, C 2 -H) 
4.43 (m, 2H, C 2 -CH 2 OCC 6 H 5 ) 
4.21 (ft, 1H, C 5 -H) 
3.96 (»., Hi, C 5 -H) 
20 2.98 <m, 2H, C 4 -H) 

13 C-NMR: «(ppm in CDC1 3 ) 

166.82, 133.74, 130.35, 128.97, 83.58, 71.87, 66.62 
and 32.74 



Example 3 

25 3-pengPYlOXVnethvl-3-oxo-l , 3- oxathiol an*. 



O 

ir 



X) 



Monoperoxyphthalic acid, magnesium salt (HMPP, 28 g) 
was added portion wise under vigorous stirring to a 
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mixture of 2-benzoyloxymethyl-i,3-oxathiolan (20 g) , 
tetrabutyl amm nium bromide (0.4 g) in methylene chloride 
(200 ml) , and water (200 ml) * The mixture was stirred at 
room temperature for 3D minutes and the organic layer was 
5 collected. The aqueous phase was extracted with 

methylene chloride (3 x 75 ml) and the combined organic 
layer was washed first with water (2 x 100 ml) , then with 
brine solution (100 ml) , dried over MgS0 4 , and filtered. 
The filtrate was evaporated in vacuo and the residue was 
10 purified by chromatography on silica gel using ethyl 

acetate as eluant to give 18.5 g (86%) of pure product as 
a mivture of ris- and tra££- iccnsrs in a ratio o£ 1:2, 
m.p.: 70-72* 
"bi-NMR: £(ppm in CDC1 3 ) 
15 8.05 (m, 2H, aromatic, fii&-isomer) 

7.95 (m, 2H, aromatic, trans-isomer) 

7.56 (m, aromatic) 

7.23 (m, aromatic) 

4.77 (m f 4H, Cj-H, C 5 -H, and C^-CHjOOCCgH^ 
20 4.4a (m, 1H, C^-H, trans -isomer) 

4.09 (m, 1H, C 5 -H, cis-isomer) 

3.11 (m, 2H, C 4 -H, ficana- isomer) 

2.75 (m, 2H, C^-H, c r is -isomer) 
13 C-HMR: «(ppm in CDC1 3 ) 
25 cis -isomer: 

166.64, 134.02, 130.42, 129.88, 129.06, 96.16, 

68.83, 59.47 and 54.30 
trans- isomer: 

166.36, 134.12, 130.29, 129.68, 129-15, 108.07, 
30 70.09, 61.83 and 53.47 
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2^Ben2ovloxvmethy l-4-acetoxv-l , 3-oxathi lane 



CeHsCOOC>, 2 .S, 




OCOCH 3 



(X) 



A mixture of 2-benzoyloxymethyl-3-oxo-l,3- 



10 



15 



20 



oxathiolane (10.5 g) , tetra-n-butylammonium acetate 
(17 g) in acstic anhydride (250 ml) was heated at lie- 
120 'C under argon for 14 hours and cooled to room 
temperature. Excess acetic anhydride was removed under 
reduced pressure. The residue was dissolved in methylene 
chloride (500 ml), washed first with saturated aqueous 
NaHC0 3 (2 x 200 ml) , then with brine solution (200 ml) , 
dried over MgS0 4 , filtered and evaporated in vacuo. The 
residue was purified by chromatography on silica gel 
using hexane: ethyl acetate (8:1) as eluant to give 7.4 g 
(60% yield) of the desired product as a mixture of £is- 
and £rans- isomers. A small quantity of each isomer was 
also isolated and characterized by X H- and 13 C-NMR. 
sis-isomer: 

R f : 0.43 (hexane :EtOAc) 
*H-NMR: *(ppm in CDC1 3 ) 

8.05 (m, 2H, aromatic) 

7.58 (m, 1H, aromatic) 

7,45 (m, 2B f aromatic) 

6-24 (d, 1H, C 4 -H) 

5.50 (t, 1H, C 2 -H) 

4.61 (d, 1H, C 2 -CH 2 OOCC 6 H 5 ) 

4.53 (d, 2H, C s -H) 

3.94 (dd, 1H, C 5 -H) 

2.05 (s, 3H, CH 3 ) 
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trans - isomer : 

R f : 0.43 (hexane:EtOAc 7:3) 
1 H-NMR: f(ppm in CDC1 3 ) 

8.Q4 (m, 2H, aromatic) 
5 7.58 (to, IK, aromatic) 

7.45 (m, 2H, aromatic) 
6.27 (dd, 1H, C 4 -H) 
5.73 (dd, 1H, C 2 -H) 
4.53 (dd, 1H, C 2 -CH 2 OOCC 6 H 5 ) 
10 4.34 (dd, 1H, Cg-H) 

4.26 (dd, 1H, C 2 -CH 2 OCC 6 H 5 ) 
4.20 (dd, 1H, Cg-H) 
2.09 (3, 3H, CH 3 ) 
13 C-NMR: *(ppm in CDCl 3 ) 
15 177.66, 166.37, 133.46, 129.93, 128.60, 83.76, 

81.22, 74.33, 64.65 and 20.79 

Example S 

cia- and trans-2-benzoyloxymathvl -4- ( evtosin-1 ' -vin -1 . 3- 
oxathiolanfe 




20 C,H 3 COOCH 2 s ° > ( m * 



A mixture of cytosine (206 mg) , ammonium sulfate 
(10 mg) and hexamethyldisilazane (HMDS, 10 ml) was heated 
at reflux ing under argon until a clear solution resulted. 
Excess reagents were evaporated in vacuo and the 
25 remaining volatile removed under high vacuum 

(15 minutes) . The solid residue was dissolved in dry 
methylene chloride (20 ml) and a solution of 2- 
benzoyloxymethyl-4-acetoxy-l, 3-oxathiolane (350 mg) in 
dry methylene chloride (20 ml) was added under argon, 
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followed by a solution f tin IV chloride (SnCl 4 , 124 ml) 
in methylene chloride (20 ml) at O'C The reaction 
mixture was stirred under argon overnight at room 
temperature, then heated at refluxing for 3 hours and 
5 cooled to room temperature. The mixture was diluted with 
methylene chloride (100 ml) and poured while stirring 
into saturated aqueous NaHC0 3 . The organic layer was 
separated by filtration over celite, washed first with 
water (2 x 75 ml), then with brine solution (100 ml), 

10 dried over MgS0 4 and filtered. The residue was purified 
by chromatography on silica gel using ethyl acetate: CH 3 OH 
as the eluant to give 140 mg (35%) of the desired product 
as a mixture of cis- and trans - isomers in a 1:1 ratio as 
determined by ^"H-NMR. These isomers were separated as 

15 the N-acetyl derivatives in the next example. 



Example 6 

qis- and trang-2-be i> ^oYloxvme thvl-4-rN r -acetVl-cvtpsin 
l ' -vll -1 . 3-oxathlolane 

NHCOCH3 




(XXXII) 



20 A solution of the sis- and trans- mixture of 2- 

benzoyloxymethyl-4-(cvtosin-i'-yl)-i,3-oxathiolane 
(135 mg) , 4-dimethylaminopyridine (DMAP, 15 mg) and 
acetic anhydride (44 ml) in dry pyridine (10 ml) was 
stirred overnight at room temperature (16 hours) and 

25 poured into cold water (100 ml) followed, by extraction 
with methylene chloride (3 x 50 ml) . The extract was 
washed with water, dried over MgS0 4 , filtered and 
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evaporated in vacuo. Toluene was added to the residue, 
then evap rated in vacuo- T luene was added to the 
residue , then evaporated in vacuo and the residual oil 
was purified by chromatography oh silica gel using ethyl 
5 acetate as eluant to yield 65 mg of pure trans-isomer as 
the fast moving product and 60 mg of pure cis-isomer as 
the low moving product. These were characterized by X H 
and 13 CHKMR. 
£ia-isomer: 
10 *(ppm in CDC1 3 ) 

9.61 (b, 1H, C 4/ -NHC0CH 3 ) 

8. 29 (d, 1H, C fi ,-H) 

8.06 (m, 2H, aromatic) 

7.65 (m, 1H, aromatic) 
15 7.51 (m, 2H, aromatic) 

7.25 (d, 1H, C 5/ -H) 

6,61 (d, 1H, C 4 -H) 

5.50 (t, 1H, C 2 -H) 

4.80 (m, 2H, C 2 -CH 2 0QCC 6 H 5 ) 
20 4.48 (d, 1H, C 5 *H> 

4,05 (dd, IK, C 5 -H) 

2.25 (S, 3B, CH3) 
13 C-NMR: S(ppm in CDCl 3 ) 

170. 93 , 166.28, 162*80, 155.76, 146.06, 133.91, 
25 129.90, 128.84, 97.45, 85.88, 78.25, 64.60, 63.53 

and 24.71. 
trans -isomer t 
^H-NMR: £(ppm in DMSOd*) 



30 



10.88 


(S, 


1H, 


C 4 ,-NHC0CH 3 ) 


8.13 


(d. 


lH f 


C 6 ,-H) 


7.96 


Cm, 


2H, 


aromatic) 


7.68 


(m, 


1H, 


aromatic) 


7.52 


(m, 


2H, 


aromatic) 


7,20 


(d, 


1H, 


C 5 ,-H) 


6.35 


(d, 


1H, 


C 4 -H) 


5.96 


(dd, 


1H ( 


, C 2 -H) 
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4.58 (dd, 1H, C 2 -CH 2 OOCCgH 5 ) 
4.44 (d, 1H, C 5 -H) 
4.29 (m, 2H, Cg-H and CH 2 OOCC 6 H 5 ) 
2.07 (s, 3H, CH 3 ) 
5 13 C-NMR: *(ppm in DMSOdg) 

171.53, 165.84, 162.76, 155.21, 146.59, 134.00, 
129.64, 129.23, 96.54, 83.78, 74.24, 64.58, 64.01 
and 24.35 

Example 7 

10 eie- and trane-2«hvd r T y Yi"^hvl-4-rcvtesin-l y -Vl)"l,3 ^ 
oxathio] 




(XXXIII> 



cis -iscraer; 

15 a solution of cis-2-bcn8ovloxvaethyl-4 (N 4 ,- 

acetyl-cytosin-l'-yl)-l,3-oxathiblane (54 mg) in 
methanol ic ammonia (50 ml) was stirred overnight at room 
temperature (16 hours) . The solvent was evaporated in 
vacuo and the residue treated with ether yielding 37 mg 
20 (90%) of desired product. The product was then 
characterized by X H- and 13 C-NMR. 
m.p.i 213-215'C 
UV: (CH3OH) Lamda max: 270 nm 
1 H-NMR: 6(ppm in, DMSOdg) 
25 7.85 (d, 1H, C 6 ,-H) 

7.16 (d, 2H, C 4 ,-NH 2 ) 
6.34 (d, 1H, C 4 -H) 
5.76 (d, 1H, C 5 ,-H) 
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5.31 (t, 1H, Cj-CHjOg) 

5.18 (t, IH, C 2 -H) 
4.40 (d, IH, C s -H) 
3.92 (dd, IH, C 5 -H) 
3.78 (m, 2H, C 2 -CH 2 OH) 

C-NMR: i(ppm. in DMSOdg) 

165.95, 155.74, 142.39, 94.98, 88.85, 77.29, 62.91 
and 62.48 
. trans -isomer: 

10 A solution of t£ans-2-benzoylo3cymethyl-4-(N 4 ,- 

acetyl-cytosin^l'-yl)-l,3-oxathiolane (63 mg) in 
methanol ic ammonia (.50 ml) was stirred overnight at room 
temperature (16 hours) . The solvent was removed in vacuo 
and the residue was solidified with ether to give 36 mg 
15 (93%) of the desired product which was characterized by 
^-and 13 C-NMR. 
m.p,: 175-177 *C 
0*7: (CH-jOK) Lamda max: 270 nm 
^H-NHR: 5(ppm in DMSOdg) 
20 7.67 (d, IH, Cg,-H) 

7.19 (d, 2H, C 4 ,-NH 2 ) 
6. JO (d, IH, C 4 -H) 
5.77 (d, IH, C 5 ,-H) 
5.56 (t, IH, C 2 -CH 2 OH) 

25 5.23 (t, IH, Cj-H) 

4.18 <m, 2H, C s -H) 
3.61 (m, IB, C 2 -CH 2 0H) 
36 (», IH, C 2 -CH 2 0H) 
13 C-NMR: «(ppm in DMSOdg) 
30 166.00, 155.65, 142.30, 95.11, 87.52, 74.52, 63.42 

and 62.86 
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Eyapple 8. 

r< g - and trans ^ ^n2ovloyvinethvl-4(vraci^l^Yl)-l g 3- 
oxathiolane 



0 



C6HsCOOCH 2l 




(XXXIV) 



5 A mixture of uracil (446 mg) , ammonium sulfate 

(20 mg) and hexamethyldisilazane (HMDS, 15 ml) was heated 
at refluxing under argon until the solution became clear 
(3 hours) . Excess HMDS was removed under reduced 
pressure and the residue was dried under high vacuum for 

10 3 hours. The oily residue was dissolved in dry methylene 
chloride (20 ml) and a solution of 2-benzoyloxymethyl-4- 
aeetoxy- 1,3 -oxathiolane (748 mg) in dry methylene 
chloride (15 ml) . The reaction mixture was stirred 
overnight at room temperature (20 hours) then poured into 

15 saturated aqueous NaHC0 3 -solution (100 ml). The organic 
layer was collected and the aqueous phase was extracted 
with methylene chloride (2 x 50 ml) . The combined 
organic phase was washed with water, dried over MgSQ 4 , 
filtered and evaporated under reduced pressure* The 

20 residue was purified and separated by chromatography on 
silica gel using hexane: ethyl acetate (1:4) as eluant. 
It gave 258 mg (29%) of a fast moving product, which was 
identified as tssns-isomer and 156 mg (18%) of a low 
moving product, which was identified as c^Lg - isomer. 

25 cis -isomer: 

^"H-NMR: 5(ppm in DMSOdg) 
11.39 (s, 1H, N 3 ,-H) 
8.00 (d, 2H, aromatic) 
7.97 (m, 2H ( C 6 ,-H and aromatic) 
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7.56 (m, 2H, aromatic) 

6.31 (d, 1H, C 4 -HJ 

5 -S3 (t, 1H, C 2 -H) 

5.41 (d, 1H, C s/ -H) 

5 4.76 (d, 2H, C 2 -CH 2 OH) 

4.65 (d, 1H, C 5 -HJ 

4.01 (dd» 1H, C^-H) 
13 5 

C-NMRi S (ppm in DMSOdg) . 

165.83. 163.36, 151.06, 141.25, 134.15, 129.72 
123.50, 129.29, 102.83, 8S.34, 76.60, 63.78 and 
62 . 68 

t£an£*-isomer: 
""■H-NMR: f(p pm in CDCl 3 ) 
9.10 (b, 1H, ir 3/ - H ) 
15 a.02 (d, 2H, aromatic) 

7-53 (a, .2R, C s ,-H and aromatic) 
7.43 (m, 2H, aromatic) 
6.50 (d, 1H, C 4 -H) 
5-87 fdd, 1H, C2 5 ,-H) 
5.76 (d, 1H, C 5 ,-H) 
4.56 (dd, 1H, C 2 -CH 2 0BZ) 
4.30 (m, 2H, C 5 ,-H) 
_ 4.24 (dd, 1H, C 2 -H 2 0BZ> 
C-NMR: 6 (ppm in CDC1 3 ) 
25 166.28, 163.49, 150.89, 140.70, 133.59, 129.87, 

129.42, 128.64, 103.72, 84.18, 75.18, 64.24 and 
62.23 



20 



£is-and tirang^-hydroYvmethvT.A- ^ ei!.., , . , ., 
30 fixatbifiiaue o 




(XXXV) 
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£is-is mer: 

A solution of ci£-2-benzoyloxymethyl-4-(uracil-l / - 
yl)-l, 3-oxathiolane (150 mg) in methanolic ammonia 
(50 ml) was stirred overnight at room temperature 
5 (16 hours) . Solvent was evaporated in vacuo and the 
residue was triturated with ether (2 x 10 ml) and 
crystallized in ethyl acetate to yield 77 mg (75%) of 
desired product which was characterized by spectroscopic 
methods . 
10 m.p.: 138-140*C 

UV: (CH 3 OH) Lamda max: 266 nm 

11.36 (s # 1H, N 3 ,-H) 

7.88 (d, 1H, C fi/ -H) 
15 6.28 (d, 1H, C 4 -H) 

5.66 (d, 1H, Cg,-H) 

5.39 <t, 1H, C 2 -CH 2 OS) 

5.19 (t, 1H, C 2 -H) 

4.55 (d, 1H, C 5 -H) 
20 3.95 (dd, 1H, C 5 -H) 

3.80 (a, 2H f C 2 -CH 2 OH) 
13 C-NMR: $(ppm in DMSOdg) . 

163.54, 151.13, 141.87, 102.63, 89.13, 77.15, 62.45 

and 62.04 
25 trans -isomer: 

a solution of £sans-2-benzoyloxymethyl-4- 
(uracil-l'-yl)-i, 3-oxathiolane (207 mg) in methanolic 
ammonia (50 ml) was stirred overnight at room temperature 
(16 hours) and then evaporated in vacuo. The residue was 
30 treated with ether (2 x 20 ml) and filtered. The solid 
residue was washed with cold ethyl acetate and yield 
115 mg (81%) of pure product which was characterized by 
1 H- and 13 C-NMR. 
m.p.: 176-178 # C 
35 UV: (CH 3 OH) Lamda max: 266 nm 



^H-NMR: *(ppm in DMS0d fi ) 
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11.39 (s, 1H, N 3 /-H) 

7.66 (d, 1H, C g ,-H) 
6.25 (d, 1H, C 4 -H) 

5.67 (d, 1H, C 5 ,-H) 
5.62 <dd, IB, C 2 -H) 
5.27 <t, 1H, C 2 -CH 2 0g) 
4.35 (d, 1H, C 5 -H) 
4.16 (dd, 1H, C 5 -H) 
3.60 (a, 1H, c 2 -CB 2 OH) 
3.35 (a, 1H, C 2 -CH 2 OH) 

C-HMR: £{ppm in DMSQdg) 

163.53, 151.15, 141.77, 102.78, 87.77, 74.28, 63.25 
■ and 62.32 



15 



Cte- and ti-ana-»2«-benzovloxvi nftfehvl-4-ftovmin-l'-vlW1.3- 

O 

(XXXVI) 

XJ 



A mixture of thymine (€71 mg) , ammonium sulfate 
(20 mg) and hexamethyldisilazane (HMDS, 20 ml) was heated 

20 at refluxing until the solution became clear (3 hours) . 
Excess reagent was evaporated in vacuo and the remaining 
volatile removed tinder high vacuum (1 hour) . The oily 
residue was dissolved in dry methylene chloride (20 ml) 
and a solution of 2-benzoyloxymethyl-4-acetoxy-l,3- 

25 oxathiolane (1.05 g) in dry methylene chloride (20 ml) 
was added under argon, followed by a solution of 
trimethylsilyl trifluoromethane sulfonate (865 ml) in 
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©ethylene chlorid (5 ml) . The reaction mixture was 
stirred overnight at r on temperature under argon 
(16 hours) and poured into saturated aqueous NaHC0 3 ~ 
solution. The organic layer was separated and the 
5 aqueous phase extracted with methylene chloride 

(3 x 50 ml). The combined organic layer was washed with 
water (2 x SO ml) . The combined organic layer was washed 
first with water (2 x 50 ml), then with brine solution 
(100 ml), dried over MgS0 4 , filtered and evaporated in 

10 vacuo. The residue was purified and separated by 

chromatography on silica gel using hexane: ethyl acetate 
(1:1) as eluant to give 732 mg of a fast moving product 
which was identified by spectroscopic methods as trans- 
isomer and 244 mg of a lower moving product which was 

15 identified as fiis-isomer. Total yield was 976 mg (75%) . 
cis - isomer; 

^H-NMR: *(ppm in DMSOdg) 
11.41 (s, 1H, N 3 ,-H) 
7.98 (d, 2H, aromatic) 
20 7.72 (t, 1H, aromatic) 

7.53 (t, 2H, aromatic) 
7.47 (s, 1H, C 6 ,-H) 
6.32 (d, 1H, C 2 -H) 

4.73 (m, 3H, C 5 -H and C 2 -CH 2 OOCC 6 H 5 ) 
25 4.01 (dd, 1H, C^-H) 

1.58 (s, 3H, CH 3 ) 
13 C-NMR: * (ppm in DMSOd 6 ) 

165.89, 164.00, 151.08, 136.37, 134.09, 129.63, 
110.73, 85.30, 75.99, 63.68, 62.58 and 12.18 

30 trans-isomer: 

^■H-NMR: *(ppm in CDC1 3 ) 

8.30 (s r 1H, N 3 ,-H) 

€.04 (d, 2H, aromatic) 

7.58 (t, 1H, aromatic) 

35 7.45 (t, 2H, aromatic) 

7.32 (d, 1H, C g/ -H, J « 1.3 Hz) 
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6.50 (dd, 1H ; C 4 -H) 

5.90 (dd, 1H, C 2 -H) 

4-5S (dd, 1H C 2 -CH 2 OCC 6 H 5 ) 
4.30 (m, 2H, C 5 -H) 
5 4.24 (dd, 1H, C 2 -CH 2 0OCCgH 5 ) 

1.91 (d, 3H. -CH 3 , J «= n Hz) 
C-NMRj 5(ppm in CDC1 3 ) 

166.29, 163.91, 150.95, 136.14, 133.59, 129.88 
128.58, 112.48. 84.16, 75,04, 64.29, 62.35 and'l2.41 



20 



25 



10 Example i\ 

Cis - and t rawc.i ^ - 

O 

HN- A V CHi ' 

^ia- isomer: 

1 Yl)-l,3-oxathiolane ( i 90 Bg) ^ satura1led 
amaonxa was stirred overnight at room temperature 
(16 hours) . The mixture was evaporated under reduced 
pressure and the residue was purified by chromatography 
on silica gel using ethyl acetate as eluant to give 
109 mg (82%) of pure product, 
a. p. : 149-151 *c 

GV: (CH 3 OH) Lamda max: 271.3 nm 
h-nmr: f(p P m i n misodg) 

11-37 (s. ih, N 3 ,-h, D 2 0-exchange) 
7-79 (d, IH, c 6 ,-H, J = i.i Hz) 
6-30 (d, IH, C 4 -«, J = 4.4 Hz) 
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5.44 (t, 1H, C 2 -CH 2 OH, D 2 0-exchange) 
5.20 (t, 1H, C 2 -H, J - 4.2 Hz) 
4.52 (d, 1H, C 5 -H, J = 10.7 HZ) 
3.93 (dd, 1H. C s -H, J = 4.90 and 10.7 Hz) 
5 3.81 (m, 2H, C 2 -CH 2 OH) 

1.78 (s, 3H, -CH 3 ) 
13 c-HMR: *(ppm in DMS0d 6 ) 

164.15, 151.08, 137.44, il0.14, 89.09, 67.17, 62.18, 
61.89 and 12.37 
10 t£ftns- isomer: 

A mixture of traiss-2-benzoyloxyinethyl-4- 
(thymin-i'-yl)-l,3-oxathiolane (200 lag) in saturated 
methanol ic ammonia (50 ml) was stirred overnight at room 
temperature (16 hours) . The mixture was evaporated under 
15 reduced pressure and the residue was triturated with 
diethyl ether (3 x IS ml) and filtered. The solid 
residue was recrystallized in ethanol to give 136 mg 
(97%) of pure product, 
m.p.: 202-204*C 
20 UV: (CH3OH) Lamda max: 271.3 nm 
^H-NMR: tf(ppm in DMSOd 6 ) 

11.40 (s, 1H, N 3 ,-H, D 2 0 exchange) 
7.49 (s, 1H, C 6 ,-H) 

6.26 (d, 1H, C 4 -H) 
25 5.67 (dd, 1H, C 2 ~H) 

5.27 (t, 1H, C 2 -CH 2 OH, D 2 0-exchange) 
4.32 (d, 1H, C s -H) 

4.16 (dd, 1H, C 5 -H) 
3.58 (dd, 1H, C 2 -CH 2 OH) 
30 3.33 (dd, 1H, C 2 -CH 2 OH) 

1.80 (s, 3H, CH 3 ) 



13 C-NMR: *(ppm in DMSOdg) 

164.04, 150.90, 136.92, 110.44, 87.68, 74.06, 63.18, 
61.98 and 12.19 
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Example p. 2 

gAg- ay>d i^ang-2-ban2QvlQxvaethvl^4^f6- c hloropuri ? ^Q^ 
vl ) -1 ■ 3 -oxathiolane 



CI 




(XI) 



5 A mixture of ,6-chloropurine (850 mg) , ammonium 

sulfate (20 mg) and hexamethyldisilazane (HMDS, 20 ml) 
was heated at refluxing until the solution became clear. 
Excess reagent was evaporated in vacuo and the remaining 
volatile, removed under high vacuum (1 hour). The oily 

10 residue was dissolved in dry dichloroethane (50 ml) and a 
solution of 2-benzoyloxymethyl-4-acetoxy-l, 3 -oxathiolane 
(1 g) in dry dichloroethane (20 ml) was added under 
argon, followed by a solution of trimethylsilyl 
trifluoromethane sulfonate (825 ml) in dry dichloroethane 

15 (5 ml) . The mixture was heated at refluxing under argon 
for 2 hours, cooled to room temperature and poured into 
saturated aqueous NaHC0 3 solution. The organic layer was 
collected and the aqueous phase was extracted with 
methylene chloride (3 x 70 ml) . The combined organic 

20 layer was washed first with water (2 x 50 ml) , then with 
brine solution, dried over MgS0 4 and filtered. The 
filtrate was evaporated under reduced pressure and the 
residue- was purified by chromatography on silica gel 
using hexanerethyl acetate (i:i) as eluant to give 435 mg 

25 of fast moving product which was identified as trans - 
isomer and 245 mg of lower moving product which was 
identified as cis-isomer. The total yield was 51%. Each 
isomer was characterized by hir and 13 C-NMR spectroscopy. 
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sis- isomer: 

^"H-NMR: $(ppm in CDC1 3 ) 



5 



10 



15 



20 



8.73 (s, 1H, C fl/ -H) 

8.53 (s, 1H, C 2 ,-H) 

8.02 (d, 2H, aromatic) 

7.56 (m, 1H, aromatic) 

7.45 (m, 2H, aromatic) 

6.51 (d, 1H, C 4 -H # J = 3.8 H2) 

5.62 (t, 1H, C 2 -H, J = 4.8 H2) 

4.78 (m, 2H, C 2 -CH 2 OOCC 6 H 5 ) 

4-69 (d, 1H, C 5 -H f J m 10.4 H2) 

4.18 (dd # 1H, C^-H. Js 4:0 =r.d 10. 5 llz) 
13 C-NMR; o(ppm in CDCl 3 ) 

165.83, 152.24, 151.80, 149.63, 145.48, 134.07, 
129.58, 129.21, 85.42, 76.84, 64.48, and 61.75 
trans - i 5 oxner : 
^H-NMR: £(ppm in CDC1 3 ) 
8.74 (s, 1H, C 8/ -H) 
8.38 (s, 1H, C 2/ -H) 
8.05 (d, 2H, aromatic) 
7.58 (m, ih, aromatic) 
7.45 (m, 2H, aromatic) 
6.50 (d, 1H, C 4 -H, J - 3.7 Hz) 
6.03 (dd, 1H, C 2 -H) 
4.70 (dd, IH, C 2 -CH 2 OOCC g H 5 ) 
4.50 (m, 2H, Cg-H) 



Example 13 

Cis-2^hvdr0XVmethvl-4- f 6 ^chlo ropiirin-9^vl^i f 1- 
oxat^iol^ne 



4.32 (dd, 1H, C 2 -CH 2 OOCC 6 H 5 ) 
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A soluti n of £ig-2-benzoyloxymethyl-4-(6 / - 
chl r purin-9'-yl)--i,3-oxathiolane (300 mg) in methanol ic 
ammonia (40 ml) was stirred overnight at room temperature 
(16 hours) . The solvent was evaporated under reduced 
5 pressure and the residue was purified by chromatography 
on silica gel using EtOAcrMeOH (95:5) as eluant to give 
109 mg (88%) of the desired product, 
m.p. : 175-176 'C 
R f : a.68(EtOAc:KeOH) 
10 UV: (H 2 0) Lamda Max 263.5 rim 
H-NMR: ff(ppm in DMSQd 6 ) 
9.07 (s, 1H. c.-in 
8.98 (s, 1H, C 2 ,-H) 
6-70 (d, 1H, C 4 -H) 

5.61 (t, 1H, C 2 -CH 2 OH, D 2 0-exchange) 
5.53 (t, 1H, C 2 -H) 
4.90 (d, 1H, Cg-H) 
4.27 (dd, 1H, Cg-H) 
4.02 (m, 2H, C^-CHjOH) 
20 13 C-NMR: £ (ppm. in DMSOdg) 

152.17, 151.59, 149.58, 146.07, 131.17, 80.04, 
77.37, 62.02, and 61.31 



15 



Examplft 14 

fiAPr flfld trann-2-hvdroxvmPi-h Y ^-A- f adenin-g -1.3- 
25 oxathiolane 




•HOCHa S 



(XIII) 
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cis-isomer: 

A mixture of eis-2-benzoyl xymethy 1 -4 - ( 6 - 
chloropurin-9'-yl)-l,3-oxathiolane (140 mg) in saturated 
ethanolic ammonia (50 ml) was- placed in a steel bomb and 
5 heated overnight at 100-110 *C (16 hours) . The bomb was 
cooled to room temperature and emptied . The mixture was 
evaporated under reduced pressure and the residue was 
purified by chromatography on silica get using ethyl 
acetate: methanol (85:5) as eluant to give 70 mg (71%) of 
10 pure product. 

m.p.: 200-202*C 
uv: (Gtt2°H) Lamda max: 260 run 
13 H-NHR: *(ppm in DMSOd g ) 
8.31 (S, 1H, C 8/ -H) 
15 8.16 (s, 1H, C 2 ,-H) 

7.31 (s, 2H, Cg-NH 2 , D 2 0-exchange) 
6.36 (d, 1H, C 4 -H, J « 3.8 Hz) 
5.41 (t, 1H, C 2 -H, J = 3.8 HZ) 
5.34 (t, 1H, C 2 *CH 2 OH, DjO-exchange) 
20 4.66 (d, 1£, C 5 -H, J * 11.4 Hz) 

4.09 (dd, 1H, C 5 -H ff J - 4.1 and 10.4 and 10.4 Hz) 
3.83 (m, 2H, C 2 -CH 2 0H) 
13 C-NMR: $(ppm in DMS0d 6 ) 

156.51, 153.09, 149.45, 139.19, 118. 76, 89.06, 
25 77.65, 62.79 and 60.13 

trane -isomer: 

A mixture of trans-2-benzoyloxymethyl-4- ( 6 ' - 
chloropurin-9'-yl)-l,3-oxathiolane (220 mg) in saturated 
ethanolic ammonia (50 ml) was placed in a steel bomb and 
30 heated overnight at 110 "C for overnight (16 hours). The 
bomb was cooled to room temperature and emptied. The 
mixture was evaporated under reduced pressure and the 
residue was purified by chromatography on silica gel 
using EtOAc:HeOH (95:5) as eluant to give 76 mg (50%) the 
35 desired product, 
jn.p.: 185-187 *C 
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UV: (CH 3 OH) Lamda max: 260 nm 
13 .H-NMR: ff(ppm in QKSOdg) 
8.23 (s, IB, C 8 ,-H) 
8.17 (s, 1H, C 2 ,-H) 
7.32 (s, 2H, C fi -NH 2 , D 2 0-exchange) 
6.36 (d, 1H, C 4 -H, J = 3.8 Hz) 
5.75 (t, 1H, C 2 -K, J- = 5.7 H2) 
5.32 (t, 1H, C 2 -CH 2 OH, D 2 o-exchange) 
4.50 (d, 1H, C 5 -H, J = 10.2 Hz) 
4.35 (dd, 1H, C 5 -H, J = 4.1 Hz and 10.0 Ha) 
3.73 (m, lH f C 2 -CH 2 OH) 
3.43 (m, 1H, C,-Cfl,OH) 
J " , c-HMR: *<ppm in DMSOd 6 ) 

165.53, 153,12, 149.40, 139.30, 119.00, 87.99, 
15 74.70, 63.29 and 60.51 



10 



20 



Example is 

gAe»2-hYdroxvinethvI -4- fadem' n-Q r , vl1 .a.^.-, -,_ 
QXathiol»T»> 




(XIV) 



A solution of 2-hydroxymethyl-4-(adenin-9'-yl) - 
l,3!-oxathiolane (60 mg) in methanol C30 ml) was cooled at 
0'C in an ice bath and meta-chloroperbenzoic acid (49 mg) 
was added slowly under stirring. The mixture was kept at 
this temperature for and solvent was evaporated under 
25 reduced pressure. The residue was triturated with 

diethyl either (2 x 15 ml) and purified on silica gel 
using EtOAc:MeOH (9:1) as eluant to give 49 mg of the 
product (77% yield>. Surprisingly, only one diasterebmer 
was formed. The product was characterized by H-and 13 c- 
30 NMR. 



SUBSTITUTE SHEET 



may 68 '9? 12:39 



614 447 3648 PAGE. 108 



OS/08/97 THU 11:36 FAX 614 447 3648 



CAS DDS 



121109 



WO 92/08717 



PCT/CA91/00407 



69 



10 



15 



OV: (H 2 0) Lasida aax: 258 nrn 
at. p. : Dec >192*C 
"^H-NMR: «(ppm in DHSOdg) 
8.24 (s, 1H, C 8# -H) 
8.08 (s, 1H, C 2 ,-H) 
7.41 (s, 2H, C 4 /-KH 2 , DjO-esechange) 
5.85 (d, 1H, C 4 -H, J = 3.8 Hz) 
5.52 (t, 1H, c 2 -CH 2 OH, D 2 0-exchange) 
5.17 (d, 1H, C 5 -H, J = 11.6 HZ) 
4.62 (dd, 1H, C 5 -H, J - 4.1 and 11.8 Hz) 
4.60 (t, 1H, C 2 -H, J = 3.6 Hz) 
4.02 Cm. 1H. rv -CH -,CH) 
3.82 (m, 1H, C 2 -CH 2 OH) 
C-NMR: 5(ppm in DMSOdg) 

156.66, 153.51, 149.83, 138.56, 118.61, 111.84, 
75.99, 71.91 and 58.29 



13 



Example 16 

. CAs r 2-hvdr pxvnethvl-4- ( 6 ' -N - m ethvlamino-purin-a'-vl 
oxa thiol ane 



20 




(XV) 



A solution of sia-2-hydroxymethyl-4-(6'» 
chloropurin-9'-yl)-l,3-oxathiolane (144 mg) in ethanol 
(30 ml) was cooled at 0 # C in an ice bath and methylamine 
gas was bubbled through the solution for 20 minutes. The 
25 mixture was placed in steel bomb and heated overnight at 
110-115 'C (16 hours). The bomb was cooled to room 
temperature and emptied. The mixture was evaporated in 
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vacuo and the residue was purified by chromatography on 
silica g 1 using EtOAc:MeOH (9:1) as eluant to give 
102 mg (72%) of the desired product, 
m.p,: 190-192 'C 
5 R f : 0*43 (EtOActMeoH) 

UV: (H 2 0) Lamda max: 266 ran 
^H-NMR: 5(ppm in DMS0d 6 ) 

8,31 (s, 1H, C 8/ -H) 

8.25 (s, 1H, C 2 /-H) 
Id 7.79 (b, 1H, C 4 ,/-NH) 

6.38 (d, 1H, C 4 -H # J = 3.8 HZ) 

5.40 (t- 1H- C^-CH-OH) 

S.33 (t, 1H, C 2 -H, J = 4.3 Hz) 

4.64 (d, 1H, C s -H, J = 10.5 Hz) 

15 4.10 (dd,. 1H, C 5 -H, J ■= 4.3 and 10.5 Hz) 

3.82 (m, 2H, C 2 -Cfi 2 -OH) 
2.95 (s, 3H, C 4 ,-NCH 3 ) 
Example 17 

,Cls- anft tra^g-2-hvdroxvmethvl -4W6'-dimethvlainino purin- 
20 9 ' -vl \ - 1 . 3 -oxathiolane 




(XVI) 



£i£- isomer : 

A solution of cis.-2-benzoyloxymethyl-4-(6'- 
chlorppurin-9'-yl)-i,3-oxathiolane (300 mg) in, ethanol 
(60 ml) was cooled at o*c in an ice bath and 
dimethylamine gas was bubbled through the solution for 20 
minutes. The mixture was placad in a steel bomb and 
heated overnight at 110-115 "C (16 hours). The bomb was 
cooled to room temperature and emptied. Solvent was . 
removed in vacuo and the residue was purified by 
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chromatography on silica gel using ethyl acetate as 
eluant to give 170 mg (76%) of the desired product, 
m.p. : 124-126 *C 
R f : 0.32 (EtOAc) 
UV: (CB 3 OB) Laada max: 273 nm 
^*H-NMR: 5(ppm in DMS0d g ) 
8.32 (s, 1H, C 8/ -H) 
8.22 (s, 1H, C 2 /-H)" 

6.37 (d, 1H, C 4 ,-H, J ■= 4.0 Hz) 

5.38 (t r 1H, c 2 -CH 2 OH, D 2 0-exchange) 
5.32 (t, lH f C 2 -H, J = 4.3 Hz) 

4. S3 (u, IK, C 5 -H, J = 11.5 Hz) 
4.08 (dd, 1H, C 5 -H, J - 4.0 and 10.5 Hz) 
3.80 (m, 2H , C 2 -CH 2 OH) 
15 3.43 (b, 6H, C 6/ -N(CH 3 ) 2 ) - 

trans - is omer : 

A solution of iEaas-2-benzoyloxymethyl-4-(6 / - 
chloropurin-9'-yl)-i,3-oxathiolane (500 mg) in ethanol 
(70 ml) was cooled at 0"C in an ice bath and 
20 dimethylamine gas was bubbled through the solution for 20 
minutes. The mixture was placed in a eteel bomb and 
heated overnight at 110 • -115 'C (16 hours >. The bomb was 
cooled to room temperature and emptied. Solvent was 
removed in vacuo and the solid residue triturated with 
25 diethylether (2 x 30 ml) and recrystallized in ethanol to 
give 268 mg of the desired product (72% yield) . 
m.p.: 174-176 *C 
R f : 0.30(EtOAc) 
UV: (CH3OH) Lamda max; 271 nm 
30 ^H-NMR: S (ppm in DMSOdg) 
8.23 (s, 1H, C 8/ -H) 
8.22 (S f 1H, C 2/ -H) 
6.36 (d, 1H, C 4 -H, J = 3.0 HZ) 
5.71 (dd, 1H, C 2 H, J = 4.9 and 6. 8. Hz) 
35 5.30 (t, 1H, C 2 -CH 2 0H, D 2 0-exchange) 

4.46 (dd, 1H, C 5 -H, J - 3.3 and 12.4 Hz) 
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4.32 (dd, 1H, C 5 -H # J - 4.3 and 10.4 Hz) 
3. €8 (m, 1H, C 2 -CH 2 OH) 

3.43 (m # 7H, C 2 -CH 2 0H and C 6 ,-N(CH 3 ) 2 ) 
Example 18 

Cis- and trans-2-bQngovloxvmethvl-4- (2 ' -amino-6 ' -chloro- 
pw^in-9-vl ) -1 , 3-oyattU9lfrng 



A mixture of 2-amino-6-chloropurine (6- 
chloroguanine, 1.3 g) , ammonium sulfate (50 mg) , and 
hexamethyldisilazane (HMDS, 30 ml) became clear 
(3 hours) . Excess reagent was evaporated in vacuo and 
the remaining volatile removed under high vacuum (1 
hour) . The residue was dissolved in dry dichloroethane 
(75 ml) and a solution of 2-benzoyloxymethyl-4-acetoxy- 
1,3-oxathiolane (1*1 g) , in dry dichloroethane (20 ml) 
was added under argon , followed by a solution of 
trimethylsilyl trifluoromethane sulfonate (1.5 ml) in dry 
dichloroethane (15 ml). The mixture was heated at 
refluxing under argon for 2 hours, cooled to room 
temperature and poured into saturated aqueous NaHC0 3 
solution. After stirring for 15 minutes the organic 
layer was collected and the aqueous phase was extracted 
with methylene chloride (2 x 75 ml). The combined 
organic layer was washed with water (2 x 100 ml) , then 
with brine solution/ dried over MgS0 4 ,- and filtered. The 
filtrate was evaporated in vacuo and the residue was 
purified by chromatography on silica gel using 



CI 
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hexane: ethyl acetate (1:1) as eluant to give 460 mg fa 
fast moving product which was identified as irgng-iscnner 
and 340 mg of low moving product which was identified as 
Sis- isomer. The total yield was 52%. 
5 £i£,~i$omer: 

m.p.i 192-194*C 

R f ; 0.50 (hexane: ethyl acetate 3:7) 
^H-NMR: S (ppm in DMSOd 6 ) 

8.20 (s, 1H, C 8 ,-H) 

10 7.89 (m, 2H, aromatic) 

7.69 (m, 1H, aromatic) 
7.52 (a, 2H, aromatic) 
7.03 (6, 2H, C 2 ,-NH 2 ) 
6.26 (d, 1H, C 4 -H, J - 3.9 HZ) 
15 5.66 (t, 1H, C 2 -H, J = 6.00 Hz) 

4.88 (d, 1H, C 5 -H, J = 10.8 Hz) 
4,73 <m, 2H, Cj-CHjOOCCgHg) 
4.16 (dd, 1H, Cj-H, J - 4.2 and 1Q.7 HZ) 
trans -isomer; 
20 m.p.: 186-188 -C 

: 963 (hexane: ethyl acetate) 
^H-NMR: 6 (ppm in DMSOdg) 

8.21 (s, IB, C fl/ -H) 
8.01 (m, 2H, aromatic) 

25 7.60 (m, 1H, aromatic) 

7,57 (m, 2H, aromatic) 

7.04 (s, 2H # C 2i -NH 2 ) 

6.29 (d, lH f C 4 -H, J = 4.0 Hz) 

6.11 (dd, 1H, C 2 -H, J = 3.2 and 8.2 Hz) 
30 4.63 (m, 2H, C 5 -H and c 2 -CH 2 oocc 6 H 5 ) 

4.38 (m, 2H, c 5 -H and c 2 -ch 2 oocc 6 h 5 ) 
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Bxample_19 

Cis- and t rans-2-hvdroxvmethYl-4W2'-amino-6'- 
chloroPurin-9'-vU-l . 3-o»athiolane 



01 




(XXXIX ) 



5 cis -isomer; 

A solution of £is.-2-benzoyloxyme"thyl-4- (2 ' - 
amino-6'-cliloropurin-9'-yl)-l,a-oxathiolane (305 mg) in 
methanolic ammonia (100 ml) was stirred overnight at room 
temperature (16 hours) . The mixture was evaporated under 
10 reduced pressure and the residue was triturated with 
diethyl ether (2 x 30 ml). The solid residue was 
recrystallized in ethanol to give pure 184 mg of product 
(82% yield) . 
m.p.: 194-196 'C 
15 R f : 0.58 (EtOAc) 

W: (CH3OH) Lamda max: 309 and 248 nm 
^"H-NMR: «(ppm in DMSOdg) 
8.30 (S, 1H, C 8 ,-H) 
7.03 (6, 2H, C 2 ,-NH 2 ) 
20 6.19 (d f 1H, C 4 -H, J = 3.9 H2) 

5.41 (t f 1H, C 2 -CH 2 0H, D 2 0-exchange) 
5.33 (t, 1H, C 2 -H, J = 4.1 H2) 
4.70 (d, IH, C 5 -H, J - 10.4 Hz) 
4.06 (dd, 1H, C 5 -H, J = 4.1 and 10.5 HZ) 
25 3.82 (t, 2H, C 2 -CH 2 OH) 

trans -isomer; 

A solution of trans -2-benzoyloxymethvl-4- ( 2 ' - 
amino-6 r -chloropurin-9'-yl)-l,3-oxathiolane (150 mg) in 
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xaethanolic ammonia (50 ml) was stirred overnight at room 
temperature (16 hours) . S lvent was evaporated under 
reduced pressure and the residue purified by 
chromatography on silica gel using ethyl acetate as 
5 eluant to give 83 mg (76%) of pure product* 
m.p.: 180-182 »C 
R f : 0.50 (ethyl acetate) 
U.V. (CH 3 OH) Lamda max: 309:5 and 248 nm 
X H-NMR: «(ppm in DMSOdg) 
10 8.21 (s f 1H, C B ,-H) 

7.03 (s, 2H, Cw-NHO 

6.20 (dd, 1H, C 4 -H, J = 1.6 and 4.3 Hz) 
5.74 (dd, 1H, C 2 -H, J = 4.7 and 8.9 Hz) 
5.31 (t, 1H C 2 -CH 2 0H, D 2 0-exchange) 
15 4.52 (dd, 1H, C 5 -H, J a 1.7 and 10.4 Hz) 

4.31 (dd, 1H, C 5 -H, J = 4.4 and 10.4 Hz) 
3.68 (g, 1H, C 2 -CH 2 0H) 
3.44 (g, 1H, C 2 -CH 2 OH) 

Example 20 

20 cis- and trans-2 -hvdroxvinet hvl-4- ( 2 ' ■ 6 ' -diaminopurin-9 * - 
vl W 1 . 3 -oxa thiol ana 




(XL) 



cis -isomer: 

A mixture of cls -2-benzovloxvmethyl-4- (2'- 
25 amino-6'-chloropurin-9'-yl)-l,3-oxath.iolane (175 mg) in 
saturated methanol ic ammonia (50 ml) was placed in a 
steel bomb and heated overnight at 110-115 'C (16 hours). 
The bomb was cooled to room temperature and emptied. The 
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mixture was evaporated to dryness and the solid residue 
triturated with diethyl ether (2 x 30 ml) and dissolved 
in methanol (loo ml) . The solution was boiled with 
charcoal (2 g) for 5 minutes and filtered. The filtrate 
5 was. evaporated in vacuo and the residue recryetallized in 
ethanol to give 90 mg of the product (75% yield) . 
a. p.: Dec>250*C 
R f : 0.27 (EtOAcrMeOH 9:1) 
UV: (CB 3 OH) Laada max: 281 and 258 nm 
10 ^-H-NMR: «(ppm in DMSOdg) 
7.80 (s, IH, C B# -H) 
6-94 (b, 2H, C 2 ,-KK 2 , D 2 o-exchange) 
6.12 (d, 1H, C 4 -H, J = 3.9 HZ) - 
6.00 (b, 2H, C 6/ -NH 2 , D 2 0-exchange) 
5.40 (b, ih, C 2 -CH 2 OH, D^O-exchange) 
5.30 (t, IH, C 2 -H, J = 4.5 Hz) 
4.61 (d, 1H, C 5 -H, J = 10.4 Hz) 
4.05 (dd, 1H, C 5 -H, J = 4.2 and 10.4 Hz) 
3.78 (m, 2H, C 2 -CH 2 OH) 
20 ±iaas-isoaer: 

A mixture of tE S ns-2-benzoyloxyiaethyl-4-(2 / - 
amino-6'-chloropurin-9'-yl)-i, 3 -oxathiolane (300 mg) in 
saturated methanolic ammonia (60 ml) was placed in a 
steel bomb and heated overnight at 110-115 *C. The bomb 
was cooled to room temperature and emptied. The mixture 
was evaporated to dryness and the solid residue was 
triturated with diethyl ether (2 x 30 ml) and dissolved 
in methanol (100 ml) . The solution was boiled with 
charcoal for 5 minutes and filtered. The filtrate was 
evaporated in vacuo and the residue was recrystallized in 
ethanol to give 149 mg (72%) of the desired product. 
Hi. p.: 242-244 *C 
Rfi 0.23 (EtOAcsMeOH 9:1) 
UV: (CH 3 OH) Lamda max: 281 and 259 nm ' 
35 ^H-NMR: 6(ppm in DMS0d 6 ) 
7.81 (s, IH, C 8 ,-H) 
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6.78 (s, 2H, C 2 /-NH 2 , D 2 0- xchange) 

6.12 (d, 1H, C 4 -H, J = 4.4 Hz) 

5.90 (5, 2H, c 6/ -NH 2 ,, D 2 0-exchange) 

5.70 (dd, 1H, C 2 -H, J = 4.5 and 6,7 Hz) 

5.31 (t, 1H, C 2 -CH 2 OH, D 2 0-exchange) 

4.44 (d, 1H, C 5/ -H, J = 10.2 Hz) 

4.29 (dd, 1H, C 5 -H, J — 4.6 and 10.2 H2) 

3.67 (m, 1H, C 2 -CH 2 OH) 

3.43 (m, 1H, C 2 -CH 2 OH) 

Example 21 

Cis-2-hvdroxvmethv l-4- ( ouanin-9 ' -yl ) -i . s-oxathiolang 

0 



A mixture of cj£-2-hydroxymethyl«-4-(2'-amino- 



6'-cAloropurin-9'-yl)-i,3-oxathiolane (100 mg) , sodium 
hydroxide (3 g) , water (5 ml) and methanol (20 ml) was 
heated overnight at refluxing (16 hours) and cooled to 
room temperature. The mixture was diluted with water 
(100 ml), neutralized with ion-exchange resin (in 
pyridinium form) and filtered. The residue was washed 
with water (100 ml), the combined aqueous solution 
evaporated in vacuo and the residue recry stall ized in 
water ethanol to give 48 g (51%) the desired product. 
m.p«: Dec>280*C 

UV: (H 2 0) Lamda max: 270 and 250 nm 
^H-NMR: $(ppm in DMSOd fi ) 

10.67 (b, 1H, -NH) 

7.86 (S, 1H, C 8 ,-H) 

6.55 (b, 2H, C 2 ,-NH 2 , D 2 0- xchange) 




O 



(XLI) 
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6.06 (d, 1H, G 4 -H, J = 3.9 Hz) 

5.40 (b, 1H, C 2 -CH 2 OH, D 2 0-exchange} 

5.29 (t, 1H, C 2 -H, J m 4.6 HZ) 

4.61 (d, 1H, C 5 -H r J * 10.4 Hz) 

4.05 (dd, Ifl, C 5 -H, J = 4.4 and 10.8 Hz) 

3.79 (m, 2H f C 2 -CH 2 0H) 

Example 22 

2-benftovl oxvmethvl -i, , 3-dithiftl gm» 



^ ^ (XIX) 



10 



15 



A mixture of 2 -benzoyl oxyacetaldehyde (5.65 g) , 
1,2-ethanedithiol (3 ml) and paratoluenesulfonic acid 
(200 ag) in toluene (250 ml), was heated at refluxing 
under water removal conditions using a Dean Stark 
apparatus for 4 hours. The mixture was cooled to room 
temperature, washed first with saturated aqueous NaHCO, 
solution (l x 60 ml), then with water (2 x 6Q ml), and 
dried over reduced pressure. The residue was purified by 
chromatography on silica gel using hexane: ethyl acetate 
(9:1) as eluant to give 5.2 g of pure product which was 
20 characterized by hi- and 13 -C-NMR spectroscopy. 
H-NMR: £ (ppm in CDCl 3 ) 

6.07 (m, 2H, aromatic) 
7.59 (m, 1H, aromatic) 
7.44 (m, 2H, aromatic) 
25 4.75 (t, 1H, C 2 -H) 

4,36 (d, 2H, C 2 -CH 2 OOCC 6 H s ) 
3.24 (s, 4H, C 4 -H and C 5 -H) 
C-NMR: 6 (ppm in CDC1 3 ). 
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166.27, 133.30, 129.85, 128.53, 68.15, 50.46 and 
37.87 



Example p-i 

■ 2rbanzovloxvmefchv1 -i-ovo-i ( ?nr 



O 
II 



15 



25 



C8H 5 COOCH 2 

(XX) 



2^Benzoyloxymethyl-l,3-dithiolane (5.2 g) was 
dissolved in dry methylene chloride (200 ml) and cooled 
to o«c in an ice bath. Meta-chloroperbenzoic acid (80%, 
4.67 g) in methylene chloride (loo ml) was added slowly 
10 while under stirring. The mixture was stirred at room 
temperature for l hour and then poured with into 
saturated aqueous NaHC0 3 solution (loo ml) . The organic 
layer was separated, washed first with saturated NaHC0 5 
solution (2 x 100 ml), then with water (100 ml), and 
finally with brine solution (100 ml) , dried over Mgso. 
and filtered. The filtrate was evaporated in vacuo and 
the residue purified by chromatography on silica gel 
using ethyl acetate as eluant to give 4.0 g (74%) of pure 
product as a mixture fi£s- and £rjin£- isomers. 
20 H-MMR: *(ppm in CDC1 3 ) 

8-09 (m, 2H, aromatic) 
7.60 (m, 1H, aromatic) 
7.46 (m, 2H, aromatic) 
4.82 (dd, 1H, c 2 -h, t£ans-isomers) 
4.57 (m, 2H, C 2 -CH 2 00CC 6 H 5 ) 
4.32 (dd, 1H, C 2 -H, cia-isomer) 
3.78 (m, ih, C 4 -H, J&ans-isomer) • 
3.59. (m, 2H, c 5 -H, cis- and iraug-isoaer) 
3.41 (m, ih, C 4 -H, sis-isomer) 
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2-87 (a, ih, c^ H . cis- and iracs-isoaer) 
Scampi ? A 



25 



(XXI) 



d±«,i„, h ' Mare ot s -*«*°yl°xymetl>yl- 3 -oxo-l,3- 

a^L , 1 eodiUB acetate <" « - d — il» 

anhydra.de aoo ml, va, heated at reflux!*, £or 3 hour3 
10 xtaiT ^ reB ° Vad »— .—ure^e 

(3 x loo , . itfc rater (100 3^ 

1 n^r 0 " <10 ° ^ ^ M ' S0 V - 

15 ^m*nr r OTapOMted ln — ■ — «« residue 
r ** <*"-ato9raphy „„ slUca ^ M 

hexane:.^! acetate „,„ as eiuant. TOe J ired 
produet vaa . byproduct ana obtained in 9% yield1s 3s ma, 
a. a mixture gig. and ^-isomer vaieh ' " 

characterized by spectroscopic methods. 

zo Sifi-isomer: 

*H-NMR: tf(ppm i n CDC1 3 ) 



8.01 (m, 2H, aromatic) 
7.54 (a, ih, aromatic) 
7.41 (a, 2H, aromatic) 
6-51 (t, 1H, c 4 -H) 
4.79 (t, IH, C 2 -H) 
4-39 (dd, IH, C 2 -CH 2 OOCC 6 H 5 ) 
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4.26 (dd, 1H, C 2 -CH 2 OOCC 6 H 5 ) 
3.34 (m, 2H, C 5 -H) 
2.05 (s, 3H, CH 3 ) 
trgos-isoiner : 
^H-NMR: ff(ppm in CDC1 3 ) 

8-04 (m, 2H, aromatic) 
7.57 (m, ih, aromatic) 
7.42 (m, 2H, aromatic) 
6.56 (t, 1H, C 4 -H) 
4.85 (t, 1H, C 2 -H) 
4.53 (m, 2H, C 2 -CK 2 OOCC 6 H s ) 
(3, 2H, C s -H) 



10 



2-08 (s, 3H, CH 3 ) 
Example 

dithiol^g 




(XXII) 



20 



25 



A mixture of cytosine (500 mg) , ammonium 
sulfate (20 mg) and hexaaethyldisilasane (is ml) was 
heated at refluxing under argon until the solution became 
clear (3 hours) . Excess reagent was evaporated under 
reduced pressure. The residue was dried under high 
vacuum for 1 hour and dissolved in dry methylene chloride 
(40 ml) . A solution of 2-benzoyloxymethyl-4~acetoxy-i 3- 
dithiolane (882 mg) la dry methylene chloride (30 ml, was 
added under argon and the mixture was cooled at -10 -C in 
an ice-salt bath. A solution of SnCl 4 (0.52 ml) in 
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methylene chloride (50 ml) was added and the mixture was 
stirred for 30 minutes and then heated overnight at 
refluxing (16 hours) . The mixture was cooled to room 
temperature and poured into aqueous NaHC0 3 solution 
5 (100 ml). The organic layer was collected and the 
aqueous layer extracted with methylene chloride 
(2 x 100 ml) and filtered over celite. The combined 
organic layer was washed with water (2 x 100 ml) , dried 
over MgS0 4 , filtered and evaporated under reduced 
10 pressure. The residue was purified by chromatography on 
silica gel using ethyl acetate: methanol (9:1) as eluant 
to give 335 ™ g (32%) ef the prcduct in as a mixture of 
Sis- and Jaang-isomers in a ratio of 1:1.2. The product 
was separated in next step as N-acetyl derivatives. 

Cjs- and tran3-2-benzovloxvae thvl-4-fN 1 . -acetyl cvtoein- 
l'-vl)-1.3-dithio1 a Tm 



NHC0CH a 



20 



CeHsCOOCW 




(XXIII) 



A solution sisr and £rans-2 -benz oy loxymethy 1- 
4-(cytosin-l'-yl)-i,3-dithiolane (170 mg) , 4-dimethyl- 
aminopyridine (20 mg) , and acetic anhydride (o.l ml) in 
dry pyridine (15 ml) was stirred overnight at room 
temperature (16 hours) and then poured into cold water 
(100 ml) . The mixture was extracted with methylene 
25 chloride (3 x 75 ml) , and the combined organic layer was 
washed with water (3 x loo ml) , dried over HgS0 4 and 
filtered. The filtrate was evaporat d in vacuo and the 
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residue was purified by chromatography on silica gel 
using thyl acetate as eluant to give pure trans -2- 
benzoyloxymethyl-4- (N 4 , -acetyl cytosin-l ' -yl ) -1, 3- 
dithiolane as the fast moving spot and pure cis-2- 
5 benzoy loxymethyl -4 -(N 4 , -acetyl cytosin-l '-yl)-!, 3- 

dithiolane as the lover moving product. The two isomers 
were characterized by spectroscopic methods, 
cis- isomer: 

^"H-NMR: tf(ppm in CDCl 3 ) 
10 9,51 (S, 1H, C 4 ,-NH-C0C3ij) 

8.49 (d, 1H, C 6 ,-H, J = 7.6 Hz) 
8.04 (m, 2H, aromatic) 

7.60 (m, 1H, aromatic) 

7.45 (m, 2H, aromatic) 

15 7.29 (d, 1H, C 5/ -H, J = 7.6 HZ) 

6.70 (d, 1H, C 4 -H, J = 1.7 HZ) 
4,99 (t, 1H, C 2 -H, J = 2.6 HZ) 
4.76 (m, 2H, C 2 -CH 2 OOCC 6 H 5 ) 

3.61 (dd, 1H, C 5 -H f J = 4.2 and 13.5 Hz) 
20 3.45 (d, 1H, C 5 -H # J 13.2 Hz) 

2.25 (s, 3H, CH 3 ) 
trans - i somer : 
^H-NMR: 6(ppm in CDC1 3 ) 

9.50 (s, 1H, C 4/ -NH-C0CH 3 ) 

25 8.24 (d, 1H, C 6 ,-H, J = 7.6 Hz) 

8.03 (m, 2H, aromatic) 

7.61 (m, 1H, aromatic) 

7.46 (m, 3H/ C 5 /-H and aromatic) 
6.76 (d, 1H, C 4 -H, J = 3.6 Hz) 

30 5.02 (t, 1H, C 2 -H, J = 7.2 Hz) 

4.49 (dd, 1H, ^-C^OOCCgCg, J - 7.1 and 11.4 Hz) 

4.37 (dd, lH r C 2 -CH 2 OOCCgH 5r J = 7.2 and 11.4 Hz) 

3.62 (dd, 1H, C 5 -a, J = 4.2 and 13 Hz) 
3.43 (d, 1H, Cg-H, J = 14.5 HZ) 

35 2.26 (s, 3H, GH 3 ) 
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Evaapl*. ?7 

Cjs- and trana^^hvdroxvmetihvi-A.feYt; sin-l'-wui ,^ 
dithiolawt* 



25 




HOCHj, s 0 "N N ^ (XXIV) 



• 5 c^s-isomer : 

A solution of cis-2-benzoyloxymethyl-4- (N 4 
acetyl cytosin-l'-yl)-i,3-dithiolane (10 ng) in 
methanolic ammonia (20 ml) was overnight starred at room 
temperature (16 hours) . The mixture was evaporated under 

10 reduced pressure and the residue purified by 

chromatography on silica gel using ethyl acetate methanol 
(4:1) as eluant to give 3 mg (47%) of the desired product 
as a foam. 
trans - isomer; 

15 A solution of trans-2-benzoyloxynethyl-4- (K 4 , - 

acetyl cytosin-l'-yl) -i, 3-dithiolane (35 mg) in 
methanolic ammonia (20 ml) was stirred overnight at room 
temperature. The mixture was evaporated under reduced 
pressure and the residue was triturated with diethyl 

20 ether (2 x 10 ml) to give the desired product in 90* 
yield. 

m.p.: 198-200 'C 
UV: (CH 3 OH) Lamda max: 270 nm 
"hl-NMR: *(ppm in DMS0d 6 ) : 

7.91 (a, 1H, C g ,-H, J = 7.5 Hz) 
7.19 (d, 2H, C 4 ,-NH 2 , DjO-exchange) 
6.49 (d, 1H, C 4 -H, Or* 3.0 Hz) 
5.71 (d, 1H, C 5 ,-H, J = 7.5 Hz) 
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5.38 (t, 1H, C 2 -CH 2 OH, D 2 0-exchange) 
4.75 (t, 1H, C 2 -H, J =6.9 Hz) 
3.40 (m, 4H, Cg-H and C 2 -CH 2 OH) 
13 c-NMR: «(ppa in DMSOd 6 ) : 

171.60, 160.93, 148.39, 98.86, 73.64, 71.56, 60.66 
and 48.01 



Example 2fl 

Antiviral Activity! MT-a Porw^ an Assay 

Anti-HIV-i antiviral activity wa9 determined in 
10 mt-4 cells. A suspension of cells (approximately io 6 
cells/ml) in PJPMZ 1540 grcvtii medium was infected with 
Hiv-i strain RF at a M.O.I, of 10 -3 infectious 
units/ cell. An uninfected cell suspension was prepared 
in parallel to evaluate drug- induced cytotoxicity. The 
15 two suspensions were incubated for 90 minutes at room 

temperature. Test compounds were serially diluted in 10- 
fold decrements from 100 Mg/ml to 0.01 /ig/ml (final 
concentrations in two 96 well microti tre plates. 20 nl 
of infected cell suspension were inoculated into each 
20 well of one of the plates (anti-viral) , while 20 /il of 

uninfected cell suspension were added to each well of the 
second plate (cytotoxicity) . The plates were then 
incubated for 7 days at 37 *C. After incubation, 10 /il of 
3- (4 , 5-dimethylthiazol-2-yl ) -2 , 5-diphenyltetrazolium 
25 bromide (MTT) at 20 mg/ml was added to all wells and the 
plates incubated for a further 90 minutes at 37 *c. 

150 nl of 10* (v/v) alcoholic Triton x-100 was 
then added and the cells resuspended. After 15 minutes 
at room temperature, the plates were analyzed in a 
30 Multi6kan MC reader at 405 nm. Conversion of yellow MMT 
to its forma2an derivative is maximum in uninfected 
cells, and absent in untreated infected cells. The 
optical density values for the cytotoxicity controls and 
the antiviral test wells were graphically plotted and the 
35 dose of compounds r quired to inhibit the conversion of 
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MMT to 50% of the untreated uninfected controls was 
calculated. In this way, both the 50% cytotoxic dose (CD 
50%) and the 50% anti-viral dose (id 50%) can be 
calculated. Table 1 shows CD 50% and ID 50% values 
5 obtained for £i£-2-hydroxymethyl-4-(adenosine-9'-yl)-i,3- 
oxathiolane and 2',3'-dideoxyinosine. 

Table l 

SfiBESSnd CD 50% ID 50% 

•SiS" XI11 100 /ig/nl . 2.1 ng/ml 

10 ddI 100 ag/xl 2 . j nq/ml 
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5 



10 



1. A compound of formula (I) , the geometric 
and optical isomers thereof, and mixtures of those 
isomers : 



wherein: 

X is selected from the group consisting of s, s»o, 
and so 2 ; 

Y is selected from the group consisting of 0, s, 
S«o / and S0 2 ; 

is hydrogen; and 

R 2 is a purine or pyrimidine base or an analogue or 
derivative thereof; and 

pharmaceutical ly acceptable derivatives thereof. 




The compound according to claim 1 wherein 



Y is 0. 



a. 



The compound according to claim 1 wherein 
or S0~. 



Y is S, S=0 



4. The compound of formula (I) according to 
2 0 claim 1 wherein R 2 is selected the group consisting of: 
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wherein: 

R 3 is selected from the group consisting of 
hydrogen, C 1 _ 1Q acyl, hydroxyl, substituted or 
unsubstituted C 1 . 6 alkyl, and substituted or 
5 unsubstituted C 1 _ 6 allcenyl or alkynyl; 

R 4 and R 5 are independently selected from the group 
consisting of hydrogen, hydroxymethyl , trif luoromethyl , 
substituted or unsubstituted c^g alkyl, substituted or 
unsubstituted alkenyl or alkynyl, bromine, chlorine, 

10 fluorine, iodine, and thioaryl; 

R 6 is selected from the group consisting of 
hydrogen, bromine, chlorine, fluorine, iodine, cyano, 
carboxy, carboxamide. ethoxycarbonyl , carbamoyl, and 
thiocarbamoyl ; 

15 R 7 and Rg are independently selected from the group 

consisting of hydrogen, bromine, chlorine, fluorine, 
iodine, substituted or unsubstituted amino, and hydroxy; 
and 
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R 9 is selected from the group c nsisting f 
hydrogen , C 1-10 acyl, hydroxyl, substituted or 
unsubstituted 0 lmmS alkyl, and substituted or 
unsubstituted C- - alkenyl or alkynyl. 



5 5. The compound according to claim 4 wherein 

R> is 




wherein: 

1*7 and R g are independently selected from the group 
consisting of hydrogen, bromine, chlorine, fluorine, 
10 iodine, substituted or unsubstituted amino, and hydroxy. 

6. The compound according to any one of 
claims 1 to 5 in the form of its gis isomer. 

7. A compound of formula (la), the geometric 
and optical isomers thereof, and mixtures of those 

15 isomers : 




(la) 



wherein: 

X is selected from the group consisting of S, S=0, 
and S0 2 ; 

R x is hydrogen; and 

R 2 is selected from the group consisting of 



20 
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15 



20 



vher in; 

R 3 is selected from the group consisting of 
hydrogen, C 1->10 acyl, hydroxyl, substituted or 
unsubstituted C^_g alkyl, and substituted or 
unsubstituted C 1-6 alkenyl or alkynyl; 

R 4 and R 5 are independently selected from the group 
consisting of hydrogen, hydroxymethyl , trif luoromethyl , 
substituted or unsubstituted alkyl, substituted or 

unsubstituted alkenyl or alkynyl, bromine, chlorine, 

fluorine, iodine, and thioaryl; 

R 6 is selected from the group consisting of 
hydrogen, bromine, chlorine, fluorine, iodine, cyano, 
carboxy, carb ox amide, ethoxycarbonyl , carbamoyl, and 
thiocarbamoyl ; 

R 7 and R 0 are independently selected from the group 
consisting of hydrogen, bromine, chlorine, fluorine, 
iodine, substituted or unsubstituted amino, and hydroxy; 
and 

R g is selected from the group consisting of 
hydrogen, C 1 _ 10 acyl, hydroxyl, substituted or 
unsubstituted C lwg alkyl, and substituted or 
unsubstituted C 1-6 alkenyl or alKynyl; and 
and pharmaceutical^ acceptable derivatives thereof. 

8. A compound of formula (lb), the geometric 
and optical isomers thereof, and mixtures of those 
isomers : 



wherein: 

each X is independently selected from the group 
consisting of s, s=0, and so.; 




(lb) 
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R 1 is hydrogen; and 

R. is selected from the group consisting of 




R 4 R * . " R < 
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wherein: 



R 3 is selected from the group consisting of 
hydrogen, acyl, hydroxyl # substituted or 

unsubstituted c 1-6 alkyi , and substituted or 



10 



15 



20 



25 



unsubstituted C 1-p6 alkenyl or al)cynyl; 

R 4 and R 5 are independently selected from the group 
consisting of hydrogen, hydroxymethyl , trifluoromethyl, 
substituted or unsubstituted alkyl, substituted or 

unsubstituted Cj_ 6 alkenyl or alkynyl, bromine, chlorine, 
fluorine, iodine, and thioaryl; 

R 6 is -selected from the group consisting of 
hydrogen, bromine, chlorine, fluorine, iodine, cyano, 
carboxy, carboxamide, ethoxycarbonyl , carbamoyl, and 
thiocarbamoyl ; 

R 7 and R g are independently selected from the group 
consisting of hydrogen, bromine, chlorine, fluorine, 
iodine, substituted or unsubstituted amino, and hydroxy; 



R 9 is selected from the group consisting of 
hydrogen, Cj^q acyl, hydroxyl, substituted or 
unsubstituted C 1-6 alkyl, and substituted or 
unsubstituted c 1-fcfi alkenyl or alkynyl; and 
and pharmaceutical^ acceptable derivatives thereof. 

9. The compound according to claim 1 selected 
from the group consisting of: 

cis -2-hydroxvmethv 1 -4 - ( cytos in- 1 ' -y 1 ) - 1 , 3 - 
oxathiolane, tr^ns- 2 -hydroxymethyl - 4 - ( cytos in- 1 ' -y 1 ) - 
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1,3- xathiolan , and mixtures thereof ; 

cis -2-hydroxymethyl-4 - (N 4 ' -acetyl-cyt sin-1 ' -yl ) - 
1 , 3 -oxathiolane , . trans - 2 -hydr oxymethy 1 -4 - (N 4 ' -acetyl - 
cytosin-l ' -yl ) -1 , 3 -oxathiolane , and mixtures thereof ; 

cis - 2 -hvdr oxymethy 1 -4 - ( uracil- 1 9 -yl ) -1, 3- 
oxathiolane, trans - 2 -hvdr oxvmethvl - 4 - ( uracil- 1 '-yl) -1,3- 
oxathiolane, and mixtures thereof; 

fii&-2-hydroxymethyl-4- (thymin-l'-yl) -1,3- 
oxathiolane, fcr.ans -2 -hydr oxymethy 1 - 4 - (thymin-1 ' -yl ) -1 , 3- 
oxathi olane, and mixtures thereof; 

c is - 2 -hydr oxymethy 1 -4 - ( 6 * -chloropur in- 9 ' -y 1 ) - 1 f 3- 
oxarhiolane , t rans- 2 -hvdr oxvmethvl -4 - ( 6 ' -chl oropurin-9 ' - 
yl) -1,3-oxathiolane, and mixtures thereof; 

c i s -2 -hy dr oxymethy 1-4 - ( adenin-9 '-yl) -1,3- 
oxathiolane, trans -2 -hvdr oxvmethyl-4 - ( adenin-9 ' -yl ) -l , 3- 
oxathiolane, and mixtures thereof; 

cis-2-hydroxymethyl-3-oxo-4- (adenin-9 '-yl) -1,3- 
oxathiolane; 

c££- 2 -hydr oxymethy 1 -4 - ( 6 ' -N-methylamino-purin-9 ' - 
yl ) -1 , 3 -oxathiolane ; 

Sig-2-hydr oxymethy 1-4- ( 6 ' -N , N-dimethylamino-purin- 
9'-yl) -1,3-oxathiolane, £raaa-2-hydroxymethyl-4-(6'-N,N- 
dimethy lamino-purin-9 ' -yl ) -l , 3 -oxathiolane , and mixtures 
thereof ; 

cis-2-hydroxymethyl-4- (2 9 -amino-6 '-chloro-purin-9 '- 
yl) -l, 3 -oxathiolane , t£ans-2-hydroxymethyl-4- (2'-chloro- 
amino-6 ' -pur in -9 ' -yl ) -l , 3 -oxathiolane , and mixtures 
thereof; 

cjs-2-hydroxymethyl-4- (2 ' , 6 ' -diamino-pur in-9 ' -y 1 ) - 
1,3 -oxathiolane, 3aans-2-hydroxymethyl-4-(2 / , 6'-diamino- 
purin-9'-yl) -1,3 -oxathiolane, and mixtures thereof; 

£i£-2-hydr oxymethy 1-4- (guanin-9 '-yl) -1,3- 
oxathiolane; 

ais-2-hydrpxymethyl-4- (cytosin-i r -yl) -1,3- 
dithiolane , trans -2 -hydr oxymethy 1-4 - ( cytosin-1 ' -yl ) -1,3- 
dithiolan , and mixtures thereof; 



SUBSTITUTE SHEET 



NAY 08 '97 12=47 



614 447 3648 PAGE. 136 



05/08/97 THU 11 :45 FAX 614 447 3648 CAS DDS g|i37 

PCT/CA91/00407 

WO 92/08717 

97 

cis-2-hydroxymethyl-4- (N 4 '-acetyl-cytosin-1' -yl ) - 
1 , 3-dithiolane, £rans-2-hydroxymethyl-4- (N 4 ' -acetyl- 
cytosin-l'-yl)-l,3-dithiolane, and mixtures thereof; 
and pharmaceutical^ acceptable derivatives thereof in 
5 the form of a racemic mixture or single enantiomer. 

10. The compound according to claim 9 selected 
from the group consisting of: 

£is-2-hydroxymethyl-4- (adenin-9 '~yl) -1,3- 
oxathiolane; and 
10 pharmaceutical^ acceptable derivatives thereof in the 
form of a racemic mixture or single enantiomer. 

11. The compound according to any one of 
claims 1, 7 or 8 in the form of a racemic mixture. 



15 



20 



25 



12. The compound according to any one of 
claims 1, 7 or 8 substantially in the form of a single 
enantiomer. 

13. A pharmaceutical formulation effective 
against viral infections comprising a pharmaceutical ly 
effective amount of a compound according to any one of 
claims 1, 7 or 8 and a pharmaceutical ly acceptable 
carrier. 

14. The pharmaceutical formulation according 
to claim 13 additionally comprising a further therapeutic 
agent. 

15. A method of treating viral infections in 
mammals comprising the step of administering to said 
mammal the pharmaceutical formulation according to claim 
13 or 14. 
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16, The method according to claim 15, wherein 
said viral infection is caused by human 
immunodeficiency virus and said mammal is a human. 

17, The method according to claim 15, wherein 
5 said viral infection is caused by hepatitis B virus and 

said mammal is a human, 

18, An ester of formula (IV) the geometric and 
optical isomers thereof, and mixtures of those isomers: 



Urn 

\ i 



CH 2 -CH Y' 



10 wherein: 

W is selected from the group consisting of P0 4 ~, SPO,", 

and -o-c- (CH 2 ) n -C-0- where n is an integer of 1 to 10; 

J is any nucleoside or nucleoside analog or 
derivative thereof; 
15 ■ X is selected from the group consisting of s, S=o 

and S0 a , 

Y is selected from the group consisting of O, S, 
S«o, and so a ; and 

Ri i6 a purine or pyrimidine base or analogue or 
20 derivative thereof , 

19. The ester according to claim 18 wherein J 

is: 
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20. An intermediate of formula (Ic) , th 
geometric and optical isomers thereof, and mixtures of 
those isomers, useful for the production of substituted 
1,3-oxathiolanes and substituted 1,3-dithiolanes with 
5 antiviral properties: 



\y Ny** (ic) 



wherein: 

X is selected from the group consisting of S, S»0, 
and S0 2 ; 

10 Y is selected from the group consisting of O, S, 

s=*0, and S0 2 ; 

1^ is selected from the group consisting of 
trisubstituted silyl, substituted or unsubstituted C x . 4 
alkyl, substituted or unsubstituted aralkyl, and 
15 substituted or unsubstituted C w « acyl; and 

Kg is a purine or pyrimidine base or an analogue or 
derivative thereof. 

21. The intermediate according to claim 20 
wherein is selected from the group consisting of 
20 benzyl, trityl, benzoyl and a benzoyl which may be 

substituted in any position by at least one group 
selected from the group consisting of bromine, 
chlorine, fluorine, iodine, C x _* alkyl, C x . 6 alkoxy, nitro 
and trifluoromethyl. 

25 22 . The intermediate according to claim 20 

useful for the production of substituted 1,3- 
oxathiolanes with antiviral properties selected from 
the group consisting of: 
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eis-2-benzoyloxymethyl-4- (cytosin-l'-yl) -1,3- 
oxathiolane, trans-2-b nzoyloxymethyl-4- (cytosin-l'- 
yl )-l,3-oxathiolane, and mixtures thereof; 

c££-2-benzoyloxymethyl-4- (N 4 ' -acetyl-cytosin-1' -yl) - 
1,3 -oxathiolane, trans -2-benzovloxymethyl-4 - f Ni / -acetyl- 
cytosin-l'-yl)-l,3-oxathiolane; and mixtures thereof; 

cis-2-benzoyloxymethyl-4 - (uracil- 1/ -yl) -1,3- 
oxathiolane, trans-2-benzoyloxymethyl-4- (uracil-l'-yl) - 
1,3 -oxathiolane, and mixtures thereof ; 

ciji-2-benzoyloxymethyl-4-(thymin-l'-yl) -1,3- 
oxathiolane, tran5-2-benzoyloxymethyl-4-(thymin-l'-yl) - 

1 . 2 - c~a thiol ana , and mixtures thereof; 
cie-2-benzoyloxymethyl-4-(6 / -chloropurin--9 # -yl) -1,3- 

oxathiolane , trana -2 -benzoyloxymethyl-4 - ( S ' - 
chloropurin-9'-yl)-l, 3-qxathiolane, and mixtures 
thereof; 

fiis-2 -benzoy loxymethyl-4 - ( adenln-9 ' -y 1 ) - 1 , 3 - 
oxathiolane, JtEsna-2 -benzoyloxymethyl-4- (adenin-9 '-yl) - 

1 . 3 - oxathiolane ; 
cis-2-benzoyloxymethyl-4- (2 '-amino-6 4 -chloro-purin- 

9 • -yl) , 3-oxathiolane , trans -2 -benz oy 1 oxymethyl - 4 - ( 2 ' - 
amino-6 ' -chloro-purin-9 ' -yl ) -1 , 3 -oxathiolane , and 
mixtures thereof, 

23. The intermediate according to claim 20 
25 useful for the production of substituted 1,3- 

dithlolanes with antiviral properties selected from the 
group consisting of: 

£ia-2-benzoyloxymethyl-4- (cytosin-1 ' -yl) -1 , 3- 
dithiolane, £rans-2 -benzoyloxymethyl-4- (cytosin-l'-yl) - 
30 1,3-dithiolane, and mixtures thereof i 

£±£-2-benzoyloxymethy 1-4- (N 4 ' -acetyl-cytosin-i ' -yl ) - 
1, 3-dithiolane , £rans-2-benzoyloxymethyl-4-> (N 4 '-acetyl- 
cytosin-l'-yl)-l,3^dithiolane, and mixtures thereof; 
ci£-2-t-butyldiphenylsilyloxymethyl-4- (cytosin-1 ' - 
35 ylj-l, 3-dithiolane, tEans-2-t-butyldiphenylsilyloxy- 



10 



15 
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m thyl-4-(cytosin-l'-yl)-l,3-dithiolane, and mixtures 
thereof? and 

c^-2-t-butyldiphenylsilyloxymethyl-4- (N 4 ' -acetoxy- 
cyt:;3in-i'-yl)-l,3-dithiolane, fcEans-2-t-butyldiphenyl- 
5 sllyloxyxnethyl-4^(H 4 '-acetQxy-cytosln-l'-yl)-l,3- 
dithiolane, and mixtures thereof. 

24. An intermediate of formula (Id), the 
geometric and optical isomers thereof, and mixtures of 
those isomers, useful for the production of substituted 
10 1,3-oxathiolanes and substituted 1,3-dithiolanes with 

antiviral properties: 



(Id) 



wherein: 

X is selected from the group consisting of s, S«0, 
15 and S0 2 ; 

y is selected from the group consisting of 0, s, 
S^o f and SO a ; 

is selected from the group consisting of 
trisubstituted silyl, substituted or unsubstituted C w 
20 al]cyl f substituted or unsubstituted aralkyl, and 

substituted or unsubstituted C w6 acyl; and 
L is a leaving group. 

25, The intermediate according to claim 24 
wherein is selected from the group consisting of 
25 benzyl, trityl, benzoyl and a benzoyl which may be 

substituted in any position by at least one group 
s 1 cted from the group consisting of bromine, 
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chlorine, fluorine, iodine, C x . tf alkyl, C^ 6 alkoxy, nitro 
and trifluoromethyl. 

26. The intermediate according to claim 24 
useful for the production of substituted 1,3- 

5 oxathiolanes with antiviral properties selected from 

the group consisting of: 

2-benzoy loxymethyl-1 , 3~oxathiolane ; 

ciB- 2-benzoyloxymethvl-l-oxo-l , 3 -oxathiolane , trans- 
2-benzoyloxymethyl-l-oxo-l,3~oxathiolanB < and mixtures 
.10 thereof; 

eis -2-benzoyloxymethvl-4-acetoxY-l , 3-oxathiolane . 
trans-2-bGnzovloxvmethvl-4-acetoxv"l , 3-oxathioiane , and 
mixtures thereof; 

27. The intermediate according to claim 24 
15 useful for the production of substituted 1,3- 

dithiolanes with antiviral properties selected from the 
group consisting of: 

2-t-butyldiphenylsilyloxymethy 1-1 , a -dithiol ane ; 

2-benzoyloxyraethyl-l , 3 -di thiol ane ; 
20 cis-2-benzoyloxymethyl-3-oxo-i f 3-dithiolane, trans - 

2 -benzoyloxymethyl-3-oxo-l, 3-dithiolane, and mixtures 
thereof; 

cis-2-benzoyloxymethyl-4-acetoxy-l , 3-dithiolane, 

£3E^-2-benzoylo3^»ethyl-4-acetoxy-l,3-dithiolane, and 
25 .mixtures thereof; 

£2£-2-t-butyldiphenyl6ilyloxymethyl-4-hydroxy-l , 3- 
dithiolane, tEans~2-t-butyldiphenylsilyloxymethyl-4- 
hydroxy-l r 3-dithiolane, and mixtures thereof ; and 

cis-2-t-butyldiphenylsilyloxymethyl-4-acetoxy-l , 3- 
30 dithiolane, tEan£-2-t-butyldiphenylsilyloxyaethyl-4- 

acetoxy-1, 3-dithiolane, and mixtures thereof • 
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28. A process for preparing a 1,3-oxathiolane 
compound of f rmula (la) , the geometric and optical 
isomers thereof, and mixtures of those isomers: 



(la) 

5 wherein: 

X is selected from the group consisting of S, S-O, 
and SO 2 ? 

R x is hydrogen? and 

^ is a purine or pyriroidine base or an analogue or 

10 derivative thereof; 

the process comprising the steps of: 

a) condensing an aldehyde having of the 
formula I^OCHaCHO, wherein is selected from the group 
consisting oftrisubstituted silyl f substituted or 

15 unsubstituted C a .« alkyl, substituted or unsubstituted 

aralkyl, and substituted or unsubstituted C w6 acyl, 
with a mercaptoalcohol in an organic solvent containing 
an acid catalyst to produce an intermediate of the 
formula: 



20 



R«OCH 3 



b) treating the intermediate of step (a) with 
a peracid to give a corresponding sulfoxide; 

c) treating the intermediate of step (b) with 
an anhydride of the formula (R,) a O, .wherein R» is 

25 substituted or unsubstituted c lm% alkyl, in the presence 

of a buffer to pr duce an intermediate of the formula: 
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wherein L is a leaving group; 

d) treating the intermediate of step (c) with 
a silylated pyrimidine or purine base or analogue 
5 thereof, in the presence of a Levis acid and 

hydrolyzing the R„ function to produce a compound of the 
formula (la) . 

29. A process for preparing a 1,3-dithiolane 
compound of formula (lb) , the geometric and optical 
10 isomers thereof / and mixtures of those isomers: 



«tOC^X^^ (lb) 

wherein: 

each X is independently selected from the group 
consisting of S, s~0, and S0 2 ; 
IS is hydrogen; and 

Rj is a purine or pyrimidine base or an analogue or 
derivative thereof; 
the process comprising the steps of: 

a) condensing an aldehyde having of the 
20 formula RvOCH^CHO, wherein is selected from the group 

consisting oftrisubstituted silyl, substituted or 
unsubstituted alkyl, substituted or unsubstituted 
aralkyl, and substituted or unsubstituted acyl, 
with a vicinal dithiol in an organic solvent containing 
25 an acid catalyst to produce an intermediate of the 

formula: 
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b) treating the intermediate of step (a) with 
a peracid to give a corresponding sulfoxide; 

c) treating the intermediate of step (b) with 
an anhydride of the formula wherein is 
substituted or unsubstituted alkyl, in the presence 
of a buffer to produce an intermediate of the formula: 



wherein L is a leaving group; 

d) treating the intermediate of step (c) with 
a silylated pyrimidine or purine base or analogue 
thereof containing an NH 2 group, in the presence of a 
Lewis acid; 



e) acetylation of the NH 2 group and hydrolyzing 



the By function to produce a compound of the formula 



30. A process for preparing a 1,2-dithiolane 
compound of formula (lb) , the geometric and optical 
isomers thereof, and mixtures of those isomers: 




* 




wherein: 
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X is eel cted from the group consisting- of S, S=0, 
and S0 2 ; 

Y is selected from the group consisting of S r S=0, 
and S0 2 ; 

5 Rx is hydrogen; and 

R z is a purine or pyrimidine base or an analogue or 
derivative thereof; 
the process comprising the steps of:* 

a) reacting mercaptothioacetic acid with an 
10 aldehyde of formula I^OCHjCHO in an organic solvent in 

the presence of a Levis acid to produce an intermediate 
'of the formula: 



b) reducing the intermediate of step (a) in an 
organic solvent and reacting the reduced intermediate 
15 with an acid anhydride or acid chloride in the presence 

of pyridine and an acetyl a tion catalyst to give an 
intermediate o£ the formula: 



wherein L is a leaving group; 

c) treating the intermediate of step (b) with 
20 a silylated pyrimidine or purine in the presence of a 

Lewis acid and cleavage of the function to produce a 
compound of the formula (lb) • 
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31. The proc ss f r preparing a 1, 3-dithiolane 
according to claim 30, wherein Rv is a silyl protecting 
group • 
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